THE 


AMERICAN JOURNAL OF SCIENCE. 


[THIRD SERIES.] 


Art. XXVUL—A dissected volcanic Mountain ; some of tts reve- 
lations; by JAMES D. DANa. 


THE island of Tahiti—the largest of the Society Islands— 
affords excellent illustrations of two widely dilferent subjects : 

I. Erosion by running waters ; and 

II. The inner structure of a great volcanic mountain. 

I have described the features of the island in my Geological 
Report of the Wilkes Exploring Expedition,* from observa- 
tions made in 1839, and have pointed out the bearings of the 
facts on the two subjects, but I give there no map of the topog- 
raphy, or views of the peaks; and I now return to the sub- 
ject to add these illustrations with some further remarks. 

The island has nearly the shape, as regards outline, of a let- 
ter 8, and was once a twin of volcanoes. Only the northern 
and larger of the two peninsulas is often visited, and of that I 
speak. It was originally a gently sloping cone of the type 
represented by the Hawaian volcanoes; for its beds of lavas, 
as seen in the sides of the valleys, slope at a small angle 
toward the shores ; mostly 8° to 10°—varying in some parts to 
15°—on the north and west sides, where my examinations were 
made. Supposing the mean slope to be 8° the height above 
the sea-level of the original cone—the diameter of the island: 
being twenty miles—would have been nearly 7500 feet. But 

* Pages 283 and 386 of the quarto volume (of 756 pp. with a folio Atlas) pub- 


lished in 1849. See also Abstract of part of the results, this Journ., II, ix, 50, 
1850. 
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the slopes above may have been steeper and the height much 
greater. The greatest height at the present time according to 
an imperfect measurement made by Lieut. W. M. Walker, 
U. 8. N. (who took as a base a line measured on the coral reef 
near Matavai) is about 7000 feet. 

The old cone is now a dissected mountain. Valleys cut pro- 
foundly into its sides, and Jay bare the center to a depth of 
from 2000 to nearly 4000 feet (by estimate) below the existing 
summit; and the deep valleys so crowd on one another that 
the dissection is complete. 

The topographic features of the island are shown on the 
accompanying map. This map is a copy in the main of that 
in Captain Wilkes’s Narrative of the expedition. “In the 
main,” I say, because I have made changes, removing some of 
the imperfections introduced by the art of the map-maker or 
engraver and his want of knowledge of the region. I should 
not have taken this liberty were it not that part of the map 
was originally from a sketch of my own, communicated to the 
Hydrographic department of the Expedition. My sketch com- 
prised the northern third of the island, from the center out- 
ward, between the Papenod and Punaavia valleys,* and was 
prepared from personal observations in the valleys of the region, 
and on an ascent of Mt. Aorai, one of the two highest peaks. 
Being the only person of the Expedition that made the ascent, 
no other one had the opportunity for so comprehensive a view 
of the ridges and valleys of that part of the island.* Of the 
central peaks, the highest, at @ on the map, made 7000 feet in 
height by Lieut. Walker's measurement, is called Orohena; 
the next highest, about 500 feet lower, at b, is the one called 


Aorai.t 
I. Erosion. 


As the map shows, the island in its present condition is an 
admirable model of a deeply denuded or water-sculptured 
mountain cone. ‘T'o appreciate the precise conditions under 
which the denudation went forward it has to be borne in mind 
that the waters from the rains and clouds are most abundant 
about the summits and higher portion of the island, and are 
there perpetually at work. “In these upper parts, therefore, or 
above 1500 feet, forests and shrubbery cover the ridges and 
valleys wherever there is a foothold; but toward the coast, or 


* On the ascent and at the summit I took some bearings, but I made no attempt 
at a trigonometrical survey, and the map is still unsatisfactory in its minor details; 
but it well illustrates the points in view. 

On the excursion [ had with me only two Tahitians. The ascent was made 
after Captain Wilkes had left Tahiti with his vessel, the Vincennes, and hence 
the mistaken statement in his Narrative that I was accompanied by others of the 
expedition. 

+ These words are pronounced O-ré-he-nah and Ow-ry. 
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below a level of 1000 to 1500 feet, the slopes, down to the 
grove-clad border-plain of the island, are grass-covered and 
look bare in the distant view. 


Map of Tahiti, the coral reefs excluded; the lower side is the northern,for 
that toward the equator: PP, village of Papenod; M, of Matavai; P, of Papaua; 
T, of Toanoa; P’, of Papieti, the largest; P”, of Punaavia. The valleys are 
named from the villages on the coast at their termination. 

The following are the features due to the erosion : 

(1.) The ridges and valleys are arranged nearly radially. 

(2.) The highest peaks are about the center. 

(3.) The valleys terminate for the most part near the sea- 
level instead of extending deeply beneath it, as shown by the 
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fact that the outline of the island is nearly even, instead of 
being indented with deep bays. 

(4.) The larger of these valleys abut at their heads against the 
central peaks in lofty precipices—precipices of two to nearly 
four thousand feet. Some of the larger valleys are widest at 
the center of the island and terminated under the peaks in vast 
amphitheatres. 

5.) The ridges toward the borders of the island are some- 
what broad-backed, but, over the interior, very narrow. Above 
an elevation of 8000 feet or so (as I found in my ascent), the 
top edge of the ridges for much of the way is but three or 
four feet wide—too thin to be represented on a map of so 
small scale as the above; and in some spots it diminishes to a 
foot, and even, at times, to a thin edge of bare rock; and from 
the crest the declivities either side pitch off steeply 1000 to 
2000 feet.* 

(6.) Within a mile or two of the central peaks erosion has 
reduced the height of some of the narrow ridges a thousand 
feet or more, or still further lowered and thinned them until 
dwindled to a mere pinnacled wall at the base of the peaks. 


9 


The “Crown” at the head of the Papiete Valley. 


A view of a portion of one of these thinned-down ridges, 
called, on the island, the Crown, I here introduce from my 
note-book.t The ascent of one of the highest peaks is possi- 
ble only along a ridge that has kept unbroken its connection 
with the summit, and an experienced guide is needed to make 
sure of the right and safe way. 

My own ascent of Aorai was made by the ridge that forms 
the west side of Matavai Valley (the valley which terminates 


*The chief error in the map as published in the Narrative arises from the 
covering of the ridges with the conventional hachures for vegetation—these giv- 
ing them a width of a fourth to half a mile instead of a yard or two. The top 
edge is covered with shrubbery, and it serves the mountaineer a good turn by 
shutting from view the steep slopes alongside. 

+ The “Crown ” is at the head of the Papiete Valley, between it and the Puna- 
avia Valley. 
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at M on the map); and my return was by the west side of the. 
Papaua Valley, that next west of the Matavai Valley. The 
top of Aorai was found to be “ not six feet broad ; beyond it, 
the mountain ridge continued for a short distance, with the 
same sharp, knife-edged character, and then was broken off by 
the Punaavia valley,” while “at its western foot appeared ‘The 
Crown.’” Across a valley, 3000 to 4000 feet deep, stood Oro- 
hena, only two miles distant, with nearly erect sides and 
equally sharp crest; and similar features characterized the other 
ridges in the panorama. 

I refer the reader to my Expedition report for the details, 
and for a discussion on valley-making about volcanic mountains 
and elsewhere, including the formation of the amphitheatres 
and a detailed description of the steps in the progressing ero- 
sion changing the finished volcanic cone into a Tahiti, illus- 
trated by facts from Hawaii and elsewhere. ‘Mount Loa, 
alone, contains within itself the material from which an island 
like Tahiti might be modeled that should have nearly twice 
its height and four times the geographical extent.” (Rep., p. 
392).* 


Il. The inner Structure of a great Voleanic Mountain. 


The above facts with regard to the dissected island have 


their chief interest as an introduction to the second subject of 
my paper—The inner structure of a great volcanic mountain. 
The profound dissection has laid open the island to its very 
core, and to a depth below the original summit of certainly 
more than 4000 feet. If, as we may suppose probable, the old 
cone had, like Mt. Loa or the Maui volcano, a great pit-crater 
at top, the interior must be open to view for at least 3000 feet 
below the bottom of the crater. 

Although my time at the island did not allow of a thorough 
exploration of the central region, one point of fundamental 
significance was made out, and put beyond question: that the 
mass of Orohena was not composed of beds of lava. There 
were no horizontal (or nearly horizontal) lines or divisions. 
Instead, there were vertical lines indicating vertical joints or 
an imperfect columnar structure, in the unstratified mass; and 
this was true for the mass to the very top. 


* Descriptions of the results of erosion are given in my Report, in connection 
with the special accounts of several of the islands visited, and of Australia, and 
in chapters on the origin of valleys, on pages 379 to 392 and 526 to 533. A brief 
statement of the general results is made in my Manual of Geology, p. 642. 

A similar history of the process with similar descriptions of “ knife-edged 
ridges,” amphitheatres, etc.. is contained in Capt. Dutton’s Report on the Hawaian 
voleanoes, published two years since by the U. S. Geological Survey. As he 
makes no mention of my volume, or even of its title or its author, in his work, I 
may add that his readers can at least supplement their knowledge on the subjects 
treated by consulting my report of thirty-seven years since. 
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- This remarkable feature has been little appreciated notwith- 
standing my report on the facts. 1 was recently gratified to 
find that I could fortify my descriptions by means of outline 
sketches of Orohena from my note-book of 1839, which have 


Sketches of Orohena as seen on the ascent of Aorai. Orohena, the highest sum- 
mit; the other peak, to the left, Pitohiti. 


till now remained unpublished. The views were taken from 
points toward the top of Aorai when on my ascent. They are 
closely alike, but differ enough (because taken from points of 
different elevation) to corroborate one another. They show no 
horizontal lines and place the fact of their absence beyond 
question. In that region of luxurious tropical growth, had 
there been distinct bedding in the face of Orohena, unequal 
erosion would have made recesses and projecting shelves, and 
occasioned corresponding lines of shrubbery; and even if the 
faintest horizontal divisional planes existed, the oozing out of 
waters would have produced bands of green from the growth 
of mosses and other vegetation. But there were no shelves, or 
bands. The surface in view was nearly bare of vegetation. 
Such features are in striking contrast with those observed in 
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the lower or outer part of the mountain. Toward the coast 
stratified lavas are seen along the valleys, and the layers are 
usually but twenty feet thick or less. ‘l'he vesicular lavas, the 
larger part a chrysolitic basalt, alternate with layers of tufas 
and conglomerate. But five or six miles up one of the valleys 
{the Papenod), the layers of lava were much thicker, and, as 
my Report states, some bluffs a thousand feet in height consti- 
tute apparently a single bed, and are more or less columnar 
throughout. This greater thickness of the beds on approach- 
ing the center appears to show that the eruptions were far 
more copious early in the history of the volcano than they were 
later. But this is not an explanation of the massive structure 
of Orohena. The uniform massiveness through so great height 
at the voleano’s center has plainly come, as I long since stated, 
from the cooling of continuously liquid lava at the center, or 
in the region of the great central conduit of the cone. 

We appear to have an explanation of the facts, or a sug- 
gestion toward an explanation, in the condition of Mount Loa, 
on Hawaii. Atthe beginning of one of its great eruptions the 
central mass of liquid lavas stands at a height of more than 
12,000 feet above the sea-level; and the breadth of the liquid 
mass at top, if of the size of the crater (as it sometimes has 
been), is over 8,000 feet. ‘To appreciate the conditions it is to 
be considered that the summit-crater of this great voleano has 
been in eruption on a grand scale eight times since 1843,—the 
last time in 1880-81; or, on an average, once in five years; 
and that the fires at some of these times of activity have con- 
tinued active, at heights of 10,000 to 12,000 feet, for 10 to 18 
months. A mass of liquid rock at the mountain’s center 
10,000 to 12,000 feet high above the sea-level and at least 
5,000 feet in breadth near the top is not an exceptional condi- 
tion in the volcano; it may be often true.* If 5,000 feet 
broad at top, the breadth would be greater below as it de- 
scended toward the deep region of continuous or wide-spread 
liquidity. Suppose such a mountain to have its last eruption 
and then to cool off, and become extinct. The central liquid 
mass, in such a case might perhaps retreat downward as a conse- 
quence of escape, either outside or subterranean, and a great 
cavity be left. But if pressure from below and resistance to 
fracture should hold the lavas to their place, as it did in the 
case of the ejections making the laccoliths of the Gilbert 
Mountains described by Professor Gilbert, they would cool 
there, and the liquid central mass would become the solid 
central mass. 


* On the size of the crater (called Mokuaweoweo) and the height of the moun- 
tain, see page 235 of this volume; and on the area of sinking, and therefore 
of liquid lavas, in Kilauea at one of its eruptions, see the Jast volume, p. 398. 
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It can hence hardly be doubted that a massive central struct- 
ure, like that revealed in the dissection of Tahiti, is a common 
feature of the greater volcanic mountains that have become 
extinct. 

The slow cooling, extremely slow, on account of the magni- 
tude of the mass, and under great pressure moreover, would 
have caused the lava to solidify into a compact crystalline 
rock, and often into a coarsely crystalline rock. 

I found evidence of the massive condition and slow cooling 
of the rocks of the interior of the island in one of the vaileys 
leading to the center. Up the Papenoéd Valley six to eight 
miles from the coast, along the stream, I found many worn masses 
of a whitish granite-like dioryte.* It had evidently been 
brought down the valley from one of the central peaks at its 
head, either Orohena or an associate; and the conclusion 
seemed to be unavoidable that the difference between it and 
the Javas below in compactness and grade of crystallization 
was due to difference in pressure and rate of cooling; and I 
say (Report, p. 377) that although the liquid rock of volcanic 
outflows generally cools without distinctly visible crystalliza- 
tion, or with only crystals of feldspar, or of augite, in a com- 
pact base, ‘‘the cooling is sometimes sufficiently gradual to 
allow of the whole crystallizing; and in this case, the texture 
throughout is crystalline and the rock much resembles a gran- 
ite,” and I add further: “ Under the same circumstances (or 
even a less gradual cooling) the elements of auyite present will 
crystallize as hornblende, for these two minerals are identical 
except in crystallization, and this difference depends on temper- 
ature and rate of cooling, hornblende requiring the slower 
rate.” In this way I explain the formation of the dioryte, a 
hornblende rock. I thence remark (p 378): “Thus we arrive 
at the same statement with which we commenced, that particu- 
lar rocks have no necessary relation to time on our globe, ex- 
cept so far as time is connected with a difference in the earth’s 
temperature or climate, and also in oceanic or atmospheric 
pressure; for if the elements are at hand, it requires only dif- 
ferent circumstances as regards pressure, heat, and slowness of 
cooling, to form any igneous rock the world contains.”+ 

This conclusion had not a full basis of facts; for I had not 
collected specimens from the bases of those central peaks. But 
it was right, as I have believed ever since the visit to Tahiti and 

* The rock is called syenyte in my Report; but I describe the feldspar as near 
albite, recognizing thus its triclinic character. 1 give the specific gravity as 2°73. 
My excursion up the valley was cut short by a circumstance beyond my control 
and hence the specimens were not traced to their source. The specimens I left 
in 1844 in Washington, where they were deposited under Government orders. 

¢ The same chapter in my Report (p. 375) contains a suggestion as to the in- 


crease in the feldspathic character of the lavas in the central conduit of a volcano 
through a prolonged liquation-process, which has not been sustained by facts. 
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Hawaii in 1839 and 1840. The idea is now no longer a half- 
studied conclusion, but, thanks to the elaborate investigations 
of Messrs. Hague and Iddings, and of Allport, Judd and others, 
it is an established fact in the science of igneous rocks.* 


ArT. XXIX.— Origin of the Ferruginous Schists and Iron Ores 
of the Lake Superior region; by R. D. Irvine. 


(Published by permission of the Director of the U. S. Geological Survey.) 


Two classes of theories have been maintained to account for 
the iron ores of the Lake Superior region. According to one 
of these, these ores, with more or less accompanying rock ma- 
terial, and particularly the jaspery schists so often associated 
with them, are in the main of eruptive origin; according to the 
other they are of sedimentary origin, the original sedimentation 
having been mechanical, or chemical, or both, according to dif- 
ferent theories. On the eruption theories subsequent chemical 
alteration is allowed to come in to some extent to explain 
present conditions, as it is also with some of the sedimentation 
theories; but the latter theories appear to appeal in the main 
to a regional metamorphism as the cause of present conditions. 

Those who have maintained the theories of a sedimentary 
origin have relied chiefly upon the common intimate interlami- 
nation of siliceous and ferruginous materials; upon the manifest 
restriction of the ores and jaspery schists to definite stratigraph- 
ical horizons; upon their interfolding with other members of the 
same series, and upon their apparent gradation in places into 
plainly fragmental deposits. These conditions being taken to 
indicate original sedimentation, different authors have imagined 
the unaltered deposits to have been argillaceous carbonates 
like those of the coal measures; to have been brown ores like 
those found under bogs, or accumulating in shallow lakes, at 
the present day; or to have been magnetic iron sands like 
those of modern sea shores. All of these theories appear to re- 
gard the silica of the jaspery schists and ores as having been 
sand ; its present non-arenaceous, non-fragmental condition be- 
ing taken to be the result of metamorphism. 

Advocates of an igneous origin for the iron ores and asso- 
ciated jaspers have been few; and it is noteworthy that their 


* My twenty-five days at Tahiti, in the early autumn of 1839, were divided up 
between the study of the coral reefs, the collection and study of the Crustaceans 
of the coast (both of which were part of my assigned duty). and geological 
explorations over the island; and our day of departure came almost immediately 
after my ascent of Mt. Aorai, in which I had become aware of the deep interest 
of the problems the island illustrates. My visit to the Hawaian Islands came a 
year later. 
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observations have been confined to the Marquette region, where 
the disturbances have been great, and where the difficulties are 
consequently greater than in other regions. In support of an 
igneous origin for these materials, which are supposed on such 
theories to have been intruded as bosses, or to have formed 
overflows at the time of the accumulation of the associated 
strata, have been cited particularly: (1) an irregularity of contact 
of the ore and jasper with the adjoining schists ; (2) the projec- 
tion of stringers of ore and jasper into the adjoining schists ; 
(8) the induration of the adjoining schists; (4) the curvature of 
schistose cleavage by ore intrusions; and (5) the occurrence of 
fragments of the ore and jasper in an immediately overlying 
quartzite of the same series, this indicating their existence in 
their present conditions of induration prior to the accumulation 
of this quartzite.* On this theory the lamination of the ore and 
jasper is taken to be probably a fluidal structure, and the inter- 
bedding of ore and jasper with other schists to be the result of 
a contemporaneous flowing of lava. Having carefully exam- 
ined the localities cited by the last advocate of an eruption 
theory as proving the above facts, I feel able to say that the 
occurrences, save the last named (5) are mainly trivial matters 
occurring within the space of a few inches, or feet at most, and 
that all are more easily explicable—as irregularities in origi- 
nal deposition, as irregularities due to the crumpled condition 
of the strata, or, and this chiefly, as due to infiltrations of iron 
oxide and silica into cracks in the rocks, and the replacement 
of rock material by such substances—on theories of original 
sedimentation of the iron beds than on those of an eruptive 
origin. The last named point, viz: the occurrence of frag- 
ments of the banded jasper in the immediately overlying 
quartzite, deserves more consideration, since it certainly indi- 
cates that, to some extent at least, these substances had 
reached their present condition at an early day. But cooling 
from a state of fusion is not the only way of reaching rapidly 
the indurated condition, and a former fused condition seems to 
be negatived at once by the nature of the material—quartz and 
iron oxide. 

My own acquaintance with the ferruginous schists and iron 
ores of the Lake Superior region began, fortunately for me I 
think, in the Penokee country of northern Wisconsin, some 
thirteen years since. I say fortunately, because from the un- 
folded condition of the strata of the region most of the confus- 
ing appearances which have bafiled so many in the better 
known Marquette district are eliminated here, while the forma- 
tions and the ferruginous rocks are manifestly the same in both 
regions. What I saw in the Penokee region during the succeeding 


* See M. E. Wadsworth in Bull. Mus. Comp. Zool., vol. vii, No. 1. 
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three or four years served to convince me, not only that the ore 
and banded jasper-schists of the region are derived from a 
deposit of some sort, of sedimentary origin, but that several 
other forms of ferruginous rocks—viz: various schists composed 
of magnetite and quartz; of magnetite, hematite and quartz; 
of magnetite, actinolite and quartz; of magnetite, actinolite, 
quartz and carbon ; of magnetite, actinolite, garnet and quartz ; 
and also various cherty (the silica partly chaleedonic) ferrugin- 
ous rocks banded with magnetite—must have had a common 
origin with the ordinary ore and jasper, since all are intimately 
associated parts of one continuous belt, which was traced at the 
time a distance of forty miles or more. None of the writers on 
the present subject seem to have appreciated that any explana- 
tion of the origin of the iron ores must include also, not only 
the jaspery schists, which are particular associates of the ore in 
the Marquette region, but also the long list of ferruginous rocks 
above named; though Julien appears to have covered the 
relatively unimportant garnetiferous rocks with his mechanical 
sedimentation theory. 


The foregoing paragraphs present the condition of the ques 
tion as it stood in my mind at the beginning, in 1883, of the 
investigations in the Lake Superior region of which I now 
have charge. I was strongly impressed with the inadequacy of 
any theory of an eruptive origin for any of these materials; 
but, while realizing that the true theory must begin with sedi- 
mentation, I had no more definite conception than this, all the 
explanations that had been advanced seeming unsatisfactory, or 
at least insufficiently supported. In what follows I draw on 
the results of my later studies, which have been extended 
in the years since the early summer of 1883, over all the areas 
in the Lake Superior country in which the ferruginous rocks 
occur; during which time also several hundred thin sections of 
the various ferruginous rocks have been made and studied in 
detail. In this microscopic work I have had the constant 
assistance of Professor C. R. Van Hise, who has prepared a full 
description of each section examined. Many theories during 
this time have presented themselves to me and my assistants, 
but none have been held heretofore more than very loosely, 
each to be set aside in turn as new and destructive facts were 
gathered. 

Early in the study, however, it became evident enough—since 
as already intimated, some of the beds of ferruginous material 
have yielded fragments which have entered into the compo- 
sition of the immediately overlying fragmental deposits, form- 
ing part of the same series—that any satisfactory explanation 
must provide for the fact that these materials reached their 
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resent indurated and silicified condition, in some cases at least, 

efore the production of the next overlying layer of the series. 
It was soon seen, too, that a further proof of this early indura- 
tion—although it does not necessarily set the induration so far 
back—is afforded by the extraordinary crumpling, shattering 
and brecciation which some of the jaspery and cherty ferrugin- 
ous schists show where the formations containing them are 
folded. The adjacent rock beds, while often folded closely, 
show no signs of having offered so great resistance to the fold- 
ing process. Relatively great induration antecedent to the fold- 
ing — being thus demonstrated, the view ordinarily held 
by those who maintain for these materials some sort of a sedi- 
mentary origin, viz: that they have reached their present condi- 
tions by a regional metamorphism accompanying the folding of 
the series, seemed to have no standing ground. Many other 
considerations, moreover, led to the same conclusion. Among 
these I may mention the fact that these same ferruginous ma- 
terials occur in formations in the Lake Superior country which 
are quite without folding, and which our later researches have 
demonstrated to be free from anything like a genuine meta- 
morphism, using that term in the sense of a more or less thor- 
ough molecular rearrangement and recrystallization in situ. 
Indeed, among the folded iron-bearing rocks themselves we 
find but little if any indication that a genuine recrystallization 
has taken place. The quartzites, greywackes, etc., of these 
formations retain to the full their original fragmental structure, 
and, even in the case of the mica-schists, the changes that have 
taken place are often demonstrably of a metasomatic nature only. 
It seems difficult, therefore, to understand how a metamorphos- 
ing process, which could leave the fragmental texture in the 
adjoining rocks still recognizable, could yet have so greatly 
altered the iron-bearing layers. Again, the silica, which fre- 
quently forms so prominent a part of the ferruginous schists, 
and which is at times jaspery, but is far more frequently cherty 
or even chalcedonic—a point hitherto quite unrecognized in 
publications on this subject—presents every evidence, both in 
the thin section and in the field, of a chemical origin. In the 
thin section—in that it shows ordinarily no trace of a fragmental 
texture, even when relatively coarse-grained, and in that it 
approaches more commonly to the peculiar chalcedonic or even 
amorphous forms known to occur only with silica deposited 
directly from solution; besides which it traverses and follows 
the banding indifferently and in such a manner as to place its 
secondary nature beyond all doubt. In the field—in that the 
jaspery, or chalcedonic silica, while in the main closely inter- 

anded with the more ferruginous portions of the rock, is seen 
also to intersect the bands, or even to appear in the shape of a 
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cement to a brecciated mass of fragments of the interbanded 
materials. All theories of a formation of these ferruginous 
rocks by metamorphism, or recrystallization in situ, from some 
sort of sedimentary deposit, seem to regard the jaspery or cherty 
material as representative of a fragmental siliceous ingredient 
in the original deposit—either a quartz sand or a fine “ siliceous 
silt.” On these theories this substance has been recrystallized 
from the fragmental condition. The facts above cited refute any 
such explanation, and prove incontestably the chemical origin 
of the silica. We may cite in addition, moreover, the fact 
that in these siliceous iron rocks themselves there is at times 
an admixture of fragmental quartz, which in the thin sec- 
tion is always sharply defined as an original ingredient and 
easily distinguishable from the water-deposited silica. The 
latter is frequently identical with that cherty material which 
has often taken the place of large bodies of limestone among 
the unaltered formations. 

These considerations leading to the rejection of a meta- 
morphic origin for any of these materials, as others had previ- 
ously led to the rejection of an igneous origin, it followed that 
we were thus restricted to some theory which should account 
for the precipitation of most of them essentially in their present 
conditions, with perhaps some slight internal rearrangement ; 
or to one in which the production, from some form of sedi- 
mentary deposit, of the conditions now obtaining, should be 
assigned to metasomatic processes, carried out, in part at least, 
at a very remote period. Lack of any definite evidence as to 
what might have been the original condition of these de- 
posits led at first to a preference for the former of these 
views, though no such theory was ever held more than tenta- 
tively. One great difficulty with any such view seemed to be 
the want of any modern phenomena from which might be 
derived the data necessary to form any clear conception of the 
process. While we have, perhaps, in the deposition from some 
modern siliceous springs, a slight analogy to the interstratifica- 
tion of iron sesquioxide and silica, this analogy is, after all, but 
slight, and any theory of deposition from springs fails entirely 
to secure in its support any modern analogues for the various 
magnetitic and actinolitic schists whose production must be ex- 
plained. Again, there is nothing in the structure of these 
deposits to indicate spring deposition, and everything to indi- 
cate deposition in bodies of water. But of the formation of 
such deposits by chemical deposition in bodies of water we cer- 
tainly have no modern instances. Yet another difficulty seems 
to lie in the necessity, under this theory, of separating the 
jaspery and cherty silica into two parts, the main part baving 
been deposited chemically with the original sediment, and a 
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smaller part having infiltrated subsequently. But that essen- 
tially all the silica had had a common origin became more and 
more evident as the work progressed. 

Later, as further study developed the fact that the least 
altered forms of the ferruginous schists contain a considerable 
proportion of some carbonate—the amount of carbonate increas- 
Ing inversely with the amount of disturbance and alteration— 
the idea of a possible formation of these rocks by chemical 
deposition approximately in their present conditions gave place 
to views which included the idea of a replacement of some 
rock, originally dolomitic or calcitic, by siliceous and ferrugin- 
ous substances. These latter views received considerable sup- 
port by the discovery by Professor Van Hise that in the Peno- 
kee region certain regularly bedded hematites could be traced 
directly into one of the carbonate-bearing beds above referred 
to, the thin sections showing the gradual replacement of the 
rhombohedra of the carbonate by the red oxide of iron. That 
the original carbonate was itself ferruginous was an idea 
that had presented itself, but had been abandoned. But a 
suggestion from Professor Pumpelly led to a further chemical 
examination with regard to this point in which much new 
material was included. The result was the establishing the 
general ferriferous character of the original carbonate; while 
further quantitative analyses made in the chemical laboratory 
of the U.S. Geological Survey showed that it is often even a 
genuine siderite, though magnesian. This point once estab- 
lished, all of our field and laboratory observations seemed to 
fall suddenly into line and to establish the truth of an hypothe- 
sis long since advanced, viz: that these ferruginous rocks 
were once carbonates analogous to those of the coal measures; 
though the advocates of this hypothesis can hardly have 
realized the ground it could be shown to cover, and they cer- 
tainly did not have any conception of the nature of the altering 
process. 


The facts that have led us to this conclusion can of course 
be presented, in an article like the present one, in a general 
manner only, though the details are often of importance to the 
result. 

The ferruginous rocks of the Lake Superior region may be 
conveniently separated into two classes, viz: those that occur in 
unfolded formations, and those that occur in formations more or 
less folded. Into the first of these groups fall the north-dipping 
iron-bearing beds of the Penokee-Gogebic series on the south side 
of the lake, in Wisconsin and Michigan, and those of the south- 
dipping Animiké series, on the northern side of the lake, in 
Minnesota and Canada. Into the second group fall the ferru- 
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ginous rocks of the Menominee and Marquette regions, in Wis- 
consin and Michigan ; and those of the Vermilion Lake region, 
and thence northeastward, in Minnesota. This classification of 
formations has no chronological significance; but the separa- 
tion is a convenient one in the present connection, since the 
processes of alteration have been carried furthest among the 
folded rocks. Indeed, we find that the amount of change has 
been somewhat in proportion to the degree of disturbance that 
the rocks have undergone. Beginning with the flat-lying 
Animiké series, we find the largest amount of unaltered ma- 
terial; next in order come the highly tilted but unfolded Peno- 
kee rocks; then the moderately folded Menominee and Mar- 
quette formations; and, finally, the closely folded rocks of the 
Vermilion Lake district. It is not to be supposed, however, 
that the series of changes is only made out by putting together ° 
the rocks from these separate districts, the alterations for one 
district beginning where those of another leave off. On the 
contrary, we find in the flat-lying Animiké nearly all the 
changes, only less thoroughly carried out. In the Penokee 
series the changes have been more general and are pushed a 
little further, but some of the original material is still remain- 
ing. Similarly among the folded rocks we find the changes 
pushed to their extreme, there being but mere remnants of the 
unchanged material. Each of these four series of rocks we 
may now consider in order. 


The northern edge of the so-called Animiké series, whose beds 
range in position from approximate horizontality to a southern 
dip rarely exceeding ten degrees, runs from the northern 
side of Thunder Bay, Canada, west and south to the national 
boundary line, in the vicinity of North and Gunflint lakes, 
Thence it extends into Minnesota but a short distance before 
it is overlapped and the Animiké buried from sight, by an 
immense spread of the coarse olivine-gabbro which lies at the 
base of the Keweenawan Group in that region.* Sixty miles 
farther southwest, in the vicinity of the so-called Mesabi Range, 
Minn., the northern edge of the Animiké reappears, remaining 
uncovered by any newer formation, other than the drift, at 
least as far west as the vicinity of the Mississippi River, an 
additional distance of over eighty miles. West of the new rail- 
way to Vermilion Lake, however, the rocks are badly con- 
cealed by the glacial drift, and this portion of the Animiké is 
but little known; but the remainder of its northern edge, along 
a total distance of over eighty miles, has been examined at a 


* The existence of this most interesting overlap, announced here for the first 
time, has been established mainly by the researches of Messrs. W. N. Merriam 
and W. M. Chauvenet of the U. S. Geological Survey. 
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number of points. Throughout most of this distance, the basal 
beds of the series, or at least the lowest beds in sight, are highly 
ferruginous and include nearly if not quite all of the lithologi- 
cal kinds with which we are now concerned. At some points 
but one or two of the kinds are to be seen, but at others most 
of them occur together in intimate association, and the whole 
appearance is such as to render in the highest degree probable 
a common origin for all the phases; a probability which is 
carried to demonstration by a study of the thin sections, which 
a us with complete gradations from the unaltered car- 

onates to cherty and jaspery materials, and even to actinolitic 
magnetite-schists, 

A fine showing of the least altered form of these ferruginous 
rocks is to be seen on the Kaministiquia River, at Kakabika 
Falls, Canada, where there are black slates interbedded with 
bands of dark-gray to light-gray carbonate. Complete analyses of 
these two varieties, made in the laboratory of the Geological 
Survey, show a content of siderite ranging from 35-45 per 
cent. The fact that even the black slate contains at times as 
much as forty per cent of siderite in the mass of the rock cer- 
tainly seems to prove, as does the whole appearance of the 
large exposure, the original character of the carbonate. In 
both places carbonaceous matter is present, the content of car- 
bon in the black slate reaching 3°54 per cent. Besides the 
carbonate and organic matter, there are present clayey material, 
a small quantity of magnetite, and a considerable quantity of 
silica. The latter is present to a slight extent as fragmental 
quartz, but a very much larger part has evidently separated 
out in its present position. This ranges from a mosaic of finely 
crystalline quartz, through chalcedony, to amorphous silica. 
Most of this silica is manifestly of a secondary origin, but some 
of the more amorphous material may date froin the original 
solidification of the rock. 

The showing on the northern sides of Gunflint and North 
lakes, on the national boundary line, is, however, of much 
greater interest in the present connection. Here the alteration 
has been carried much further, and bands of the carbonate are 
found interleaved with seams of magnetite and others of a 
chalcedonic to cherty silica, and still others of a jaspery ma- 
terial, in which case bands of specular iron are included within 
the jasper. On the northern side of North Lake this jasper 
reaches an immense development, forming bold cliffs facing to 
the northward. The magnetitic slates on Gunflint Lake are 
highly charged with actinolite and tremolite, and a study of the 
thin sections seems to make it manifest that all of the varieties 
have proceeded from a silicification of the carbonate, every 
stage of the transition being met with from the carbonate to 


| 
| 
| 
| 
| 

| 

| 

iG 


Iron Ores of the Lake Superior region. 263 


clear chert and chalcedony, or to jasper—which is simply a 
finely crystalline silica stained with red oxide of iron—or to 
the magnetitic slates. In the latter case there is supposed to 
have been a reaction between the carbonate and the silica as a 
result of which the iron of the decomposed carbonate, having 
been partially oxidized, has separated out as magnetite, while 
the magnesia, demonstrated by analysis to be present in the 
carbonate, entered into union with the silica to form tremolite 
and actinolite. The excess of silica has separated out as the 
crystalline to chalcedonic material which everywhere pervades 
these magnetitic slates. A very fine magnetite dust is found 
present as an inclusion in the unaltered carbonates, and along 
with the organic matter which stains certain bands of the car- 
bonate, but the bulk of the magnetite is certainly secondary. 
Lest the original character of the carbonate involved should be 
questioned, I may say that all appearances in the thin section 
and in the field prove it to be the oldest mineral present. 
Thin crossing veins of a secondary siderite and dolomite are to 
be found, but the stratiform carbonate is manifestly original. 

The iron-bearing beds of the Mesabi Range above alluded to 
show essentially the same association of materials, Magnetitic 
and actinolitic cherty substances have there again a very con- 
siderable development, and have even attracted a good deal of 
attention from the iron miner, although as yet without satisfac- 
tory result. 

It should be said that, while these iron-bearing beds of the 
Animiké series have in general the flat-lying position above 
indicated, there are, nevertheless, points at which they show 
sudden and somewhat violent disturbances, suggestive of move- 
ment along the contact line between this formation and the 
granite to the north of it, and there seems to be a connection 
between the amount of alteration and the presence of these dis- 
turbances, the greatest alteration having been noted where the 
disturbances occur. At the same time I am not as yet pre- 
— to say that there is a necessary connection between these 
acts. 


As already indicated, the strata of the Penokee region on the 
south side of Lake Superior dip to the northward, the angle 
being generally quite a high one, more often over, than under, 
60 degrees. The iron-bearing horizon of this series lies in its 
lower portion, and near its southern limit,* and is the counter- 
part, in character and stratigraphical position, of the iron hori- 
zon of the Animiké series. 


*See Geol. Wisconsin, vol. i, pp. 80-95; vol. iii, pp. 100-101. See also this 
Journal, March, 1885, pp. 236-249. With the latter paper is a small map show- 
ing in a compact form the position and general relations of the ferruginous 
horizon. 

Am, Jour. Sct.—Tuirp SErRIEs, VoL. XXXII, No. 190.—Ocroser, 1886. 

17 


264 R. D. Irving—Ferruginous Schists and 


In the easternmost portion of this iron belt, the ferruginous 
schists composing it are largely actinolitic magnetite-slates, 
and the same is true of all of its western portion, that is to say, 
of all that portion west of the Potato River, though occasion- 
ally a jaspery tendency is noticed. In the interval between 
these two portions, however, the rocks of the belt are of some- 
what different character, although belonging to the same hori- 
zon with, and being actually continuous with, the actinolitic 
magnetite-schists. This intervening portion, along a distance of 
some thirty miles between the Potato River in Wisconsin and 
a point about four miles west of the Little Presqu’ Isle River in 
Michigan, shows as the prevailing rock a stratiform cherty 
material, portions of which are magnetitic but without actino- 
lite, so far as our sections have yet revealed. Other portions 
show jaspery layers in considerable developments, while at a 
number of points on both sides of the Michigan- Wisconsin 
boundary workable deposits of a rich hematite ore have been 
opened. But the most interesting feature of this belt lies in the 
occurrence within it, and grading into the other materials con- 
stituting it, of an iron carbonate, closely analogous to that above 
described as occurring at a similar low horizon in the Animiké 
series. Like the carbonates of the Animiké series also, it is 
manifestly the least altered of the rocks of the belt and the 
nearest to the original condition. Its gradations into the vari- 
ous cherty and jaspery portions of the belt, and also into the 
hematite beds mentioned above, render it evident that these 
are derivatives from it, a conclusion which is wholly borne out 
by the appearances presented by the thin sections. With this 
unaltered carbonate are at times small quantities of magnetite, 
which is mingled so intimately with the mass that its original 
character seems possible; but, as in the case of the Animiké 
iron horizon, the main part of the magnetite here seems also to 
be secondary. It should be said also that here, as in the 
case of the Animiké, gradations are observable into a frag- 
mental black slate both from the actinolitic and magnetitic 
kinds and from the cherty carbonates. It should also be said 
that at one place on the Penokee range, near the passage of Bad 
River, there is, forming part of and grading into the actinolitic 
magnetitic slates, a garnetiferous slate composed mainly of 
actinolite, garnet, quartz and magnetite. The relation here is 
so intimate as to render evident a community of origin between 
the garnetiferous and non-garnetiferous kinds. 

It will thus be seen that the occurrences in the Penokee 
region are strikingly like those of the Animiké iron horizon 
and that here as there there is strong evidence that all of these 
ferruginous rocks have been derived from original carbonates 
by metasomatic processes ; the only differences being the greater 
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extent to which the alteration in the Penokee series has been 
carried out, and the occurrence in it of a garnetiferous rock not 
met with as yet in the Animiké series, 


The iron-bearing series of the Menominee region, which lies 
on both sides of the Menominee River, the boundary between 
northeastern Wisconsin and Michigan, is folded so as to place 
the rock belts for the most part in an approximately vertical 
position. There does not seem, however, to have been the 
closeness of folding so noticeable in the Vermilion Lake region 
of Minnesota. The most abundant of the ferruginous rocks of 
the Menominee region are cherty schists charged in varying 
quantities with magnetite, or hematite, or both, and even with 
the brown oxide of iron, and containing varying quantities of 
an iron carbonate. These schists graduate into and include 
carbonaceous and graphitic slates, just as in the Penokee and 
Animiké formations, and when studied in the thin sections are 
seen plainly to be merely a repetition of those met with on a 
large scale in the eastern portion of the Penokee range, from 
which they differ chiefly in the highly contorted condition 
which they show in places, while in others they are relatively 
free from such contortions. These contortions have no parallel 
in the adjoining layers, and often seem to have little relation, 
in axial directions, to the general system of folding of the 
strata. They are taken to indicate the relatively great resist- 
ance to folding offered by these schists, on account of the 
silicious induration they received prior to the folding process. 
When these contortions are wanting, the similarity between 
much of the Menominee ferruginous schist, and the Gunflint 
beds of the Animiké series amounts to an identity of charac- 
ters. The iron carbonate, whose presence in these schists is 
often indicated by the rusty brown weathering, occurs in very 
varying proportions, but is manifestly an original ingredient. 
Actinolite is present, in some kinds, and the thin sections dem- 
onstrate the derivation of all phases from an original carbonate. 
The siliceous matter of these schists is more commonly cherty* 
or flinty than jaspery, but at times it takes on a jaspery aspect 
for considerable areas. Although we do not here meet with 
such extensive masses of jaspery material as are found in the 
Vermilion Lake and Marquette regions, nevertheless, the com- 
munity of origin of the jaspers of the Menominee region with 
those of the two latter regions is sufficiently manifest, although 
there are some peculiarities in structure and arrangement 
among the Marquette and Vermilion Lake jaspery schists 


* The term “ chert” is used in this article to cover colorless, white, or grayish 
hornstone-like silica, which under the microscope is either wholly crystalline, or 
partly crystalline and partly chalcedonic, or even amorphous. 
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which are to be subsequently noted. The iron ore bodies of 
the region lie within these cherty schists, not in lens-shaped 
masses around which the schist bends, but in irregular bodies 
directly in the course of the schistose banding, or in more defi- 
nite layers within the schist, and seem to have arisen from two 
causes, or from a combination of them, viz: from direct oxi- 
dation of the bands of the carbonate in place and from the de- 
position within the schist, from percolating waters, of oxide of 
iron. In short, we have, in this region, except that no con- 
siderable body of unsilicified carbonate has as yet been met 
with, all of the indications found in the Animiké and Penokee 
formations, of a derivation of both ferruginous rocks and iron 
deposits by a process of silicification from stratiform shales im- 
pregnated with carbon and iron carbonate. 


The differences between the ferruginous horizons of the Mar- 
quette and Menominee regions appear to lie chiefly in the 
greater development in the first-named region of the jaspery 
schists, and in the prevalence in it also of more thoroughly 
crystalline ores, which are chiefly specular hematite, but also in 
minor degree magnetite. In addition to the contortion of 
the jasper-schist, which is at times carried to an extreme, 
there is often to be seen in places evidence of a more or 
less complete shattering and brecciation, in which cases the 
substance filling the interstices may be specular iron alone 
or specular iron along with jaspery or cherty silica. This 
is a phenomenon which is met with in yet more striking 
development in the Vermilion Lake region. It should also be 
said that in portions of the Marquette region there are develop- 
ments of actinolitic magnetite-schists which are somewhat dif. 
ferent, in habit at least, from the usual actinolitic magnetite- 
slates already described, which occur in abundance in this dis- 
trict also. But notwithstanding these differences the chief fer- 
ruginous horizons of the Marquette region have manifestly 
had an identical origin with those of the Menominee and 
Penokee districts. Not only do they show all of the litholog- 
ical varieties met with in these regions, but at the same time 
they present equally strong evidence of a sedimentary origin. 
This is particularly the case in those portions of the series 
which are least crumpled and disturbed, in which case there is 
often no more alteration than in the iron belt of the Penokee 
series, while for long distances there is an equally simple 
structure. 

Our material from the Marquette country is unfortunately . 
not as abundant as I could wish. All of the principal local- 
ities have been visited and somewhat carefully examined, but 
the collections made at the time of these visits have since all 
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been destroyed by fire. A number of the thin sections made 
from these specimens before the fire have, however, been 
saved, and these, with the field notes, and with the aid of a 
number of specimens for which we are indebted to the kindness 
of Dr. C. Rominger, suffice to establish the general identity of 
the Marquette ferruginous schists with those of the districts pre- 
viously described, and to enable us to recognize the various stages 
in the process of silicification. While there are certain portions 
of the district from which our material is very scanty, or, indeed, 
wanting altogether, and while we think that there can in the 
main be no question as to most of the developments of ferrug- 
inous material, there are certain kinds, as for instance some 
of the coarser-grained actinolitic schists, as to whose rela- 
tion to the other ferruginous materials we feel now unwilling 
to speak. We feel also that our knowledge as to the structural 
relations of certain of the ore beds, more particularly some of 
the magnetite bodies, is insufficient to allow us to speak too 
confidently as to their origin. A good many of the ore bodies, 
and more particularly some of the so-called soft hematites, ap- 
pear to have resulted, partly at least, from a direct oxidation 
of the iron carbonate of some of the cherty schists. In other 
cases the ore bodies owe their origin and general shape, we 
think, to processes of infiltration and replacement. 


The iron ores and associated ferruginous schists of the Ver- 
milion Lake country occur in a belt of schistose rocks which, 
bounded north and south by belts of granite and gneiss, emerges 
from the general drift-covering of northeastern Minnesota not 
many miles west of Vermilion Lake and pursues thence, a general 
northwesterly course to the national boundary line in the vicin- 
ity of Knife Lake. The schistose rocks of this belt have, as a 
rule, an approximately vertical position, the folding having 
been close to a degree unparalleled in the iron-bearing rocks 
south of Lake Superior. Small portions of this belt, including 
the ferruginous schists and iron ores, present characters which 
are practically identical with those of portions of the iron- 
bearing formations of the several other regions already passed 
in review. On account of this identity, and because also there 
are some strong reasons for suspecting an unconformity between 
them and the larger part of the schistose rocks of this belt, 
which are quite different in character, the iron-bearing portions 
of the belt are supposed to belong with the other iron-bearing 
formations of the Lake Superior country. 

The ferrugincus materials are exposed at a number of places 
along the course of the schistose belt, but so far as is now 
. known, they reach their greatest development in the vicinity of 
the south shore of Vermilion Lake. Here are immense expo- 
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sures, rising in considerable measure into bold hills, of two 
principal kinds of ferruginous rocks, viz: a black to dark 
gray ferruginous schist, and a bright red, banded j jaspery schist. 
These two kinds occur in part in distinct exposures, but 
also occur most intimately mingled. In fact, between the 
two there are such intimate associations and such minute 
gradations, that a general community of origin is entirely 
manifest. In this connection it should be said, however, in 
order to avoid possible misunderstanding that there are here 
also, interbanded with the ore belts, light-colored schists of a 
totally different character from those now referred to. Between 
these light colored schists and the ferruginous materials no gra- 
dation is observable. The dark-colored schists are carbona- 
ceous, at times so highly so as to present a graphitic appear- 
ance. They are very commonly banded with a light colored 
to perfectly white, cherty silica, which is minutely crystalline 
or even chalcedonic, and which even to the naked eye is 
most manifestly a result of the secondary process of silicifi- 
cation; for, while commonly occurring in bands parallel to 
bedding of the rock, this cherty material will frequently break 
across the lamination, forming a system of interlacing veinlets 
between which are patches of the white-and-black-banded ma- 
terial. Equally evident is it in the field that the jaspery silica 
here is identical in origin with the whiter more chalcedonic 
form; for not only do we find all stuges of passage between 
the two forms of the silica, but often in the most completely 
jaspery forms the minute but strongly marked sedimentation 
films of the original slaty rock are repeated in lighter and 
darker colored bands in the j jasper itself. Indeed the transition 
from this laminated jasper to the dark-colored slate may be 
seen to occur within the distance of a few feet at most. Equally 
with the white form of the silica do the most jaspery forms 
occur in traversing bands or veins. The ores, which are, so 
far as now known, wholly specular, are found associated with 
the jasper schists often in large bodies, but in the most irregu- 
lar forms, at times grading into the banded jasper-schist, and 
again traversing it in sharply defined tongues, or bodies of 
most irregular outline. It is rarely that the relation of the 
richer ore to the leaner jaspery material can beso well realized 
as at this place; for here we have the unusual case of great 
smoothed and glaciated surfaces upon which the contrasts be- 
tween the steely ore and the bright red jasper are most strik- 
ingly displayed, and the relations of the two thus made far 
more evident than is generally the case in the openings made 
in mining. 

The phenomena which have been appealed to to prove 
an eruptive origin for the ore and jasper of the Marquette 
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region are’ yet more strikingly displayed here, for here 
the regularly banded and contorted jasper may be seen 
traversed, not only by tongues of ore, but by seams of jasper 
and of jasper and ore together in every conceivable shape. 
Unfortunately for the theory, however, the same exposures 
give, in the gradation of the whole rock mags into manifestly 
sedimentary slates and in the manifest community of origin 
between the white purely quartzose silica and the jaspery ma- 
terial, conclusive arguments against any such hypothesis. In 
places where the folding has been most violent the rock is 
often shattered, as it is seen to be in the Marquette country, 
but to a far more violent and striking degree, and in these 
shattered portions the cementing material may be ore, or jasper, 
or ore and jasper together, or the whiter chalcedonice silica. It 
should not, however, be understood that these brecciated and 
veined portions form any very large proportion of the whole 
exposure. In the main it shows the regularly laminated 
though often highly contorted jasper. It should be said, in 
connection with the matter of the gradation above said to obtain 
between the jaspery schists and the gray carbonaceous slates, 
to avoid possible misunderstanding, that there are here also, 
interbanded with the ore belts, light-colored schists of a totally 
different character, between which and the ferruginous mate- 
rials there are no gradations. 

If no microscopic work had been done and if no evidence to 
the same effect had been collected in other portions of the Lake 
Superior region, these exposures alone would be sufficient, I 
think, to establish the formation of the jasper-schists from some 
sort of sedimentary slaty rocks by a process of silicification. 
This conclusion is borne out very thoroughly by the appear- 
ances of the thin sections, which in addition furnish us with 
quite striking evidence of the nature of the original material. 
The darker-colored slates are found in their least altered con- 
ditions to contain a considerable quantity of iron carbonate. 
This presents itself, not merely in detached individuals in the 
ground-mass of finely divided interlocking silica, but also in 
areas of considerable size. These areas are aggregates of the 
crystalline or rhombohedral carbonate, and are most manifestly 
the oldest portions of the rock. The larger patches, in which, 
it should be said, the carbonate is at times more or less mingled 
with carbonaceous material, have evidently been separated 
from one another by the interlacing seams of silica; while from 
them to single rhombohedra, lying isolated in a ground mass 
of silica, the carbonate is present in pieces of every size. At 
times this rhombohedral carbonate has been changed directly 
into sesquioxide of iron; in other cases, however, it is mingled 
with actinolite, magnetite and silica in such manner as to 
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suggest that the two former minerals have resulted from it by 
virtue of a lower degree of oxidation and the combination 
with silica of some of the iron, along with the accompany- 
ing magnesia of the carbonate, to form actinolite. These 
actinolitic magnetite-slates, it should be said, also often 
contain carbon, and the idea is suggested at least that this 
carbon has had to do with preventing a more complete oxida- 
tion of the iron. The silicification process has, however, in 
large measure, removed the iron of the carbonate completely 
and such iron has passed off in solution, to be concentrated in 
other portions of the mass in the shape of seams or bodies of 
the sesquioxide. 


The facts summarized in the foregoing paragraphs appear to 
lead of necessity to the following conclusions: 

(1.) The original form of the beds of the iron-bearing hori- 
zons of the Lake Superior region was that of a series of thinly 
bedded carbonates interstratified with carbonaceous shaly layers, 
which were also often impregnated by the same carbonate. 
This carbonate was generally more or less highly ferriferous, 
though probably there were intermediate forms between it and 
dolomite. With these unaltered layers there seems to have 
been some little magnetite, in the shape of a fine dust mingled 
with the carbonaceous impurities, but most of the magnetite 
now found is taken to be secondary. Such a series of layers 
finds parallels in the carbonates of the coal measures,—which 
present us, in some cases, with bands of an iron carbonate in- 
terstratified with carbonaceous seams—and in such bedded 
carbonates as those on the east side of the Hudson River, about 
six miles below Hudson, N. Y. With these latter ores also 
there is much carbonaceous matter in bands. The so-called 
black band ores of the coal measures are also at times very 
close in appearance to the black slaty ferruginous layers of the 
Animiké series.* 

(2.) By a process of silicification these carbonate-bearing 
layers were transformed into the various kinds of ferruginous 
rocks now met with in this region. The silicification varied in 
degree from those cases where a few thin seams of silica trav- 
erse the otherwise unchanged rock, or follow its lamination, to 
those in which there was a complete substitution, the iron be- 
ing wholly leached out, in which case the lighter-colored cherty 
forms were produced. 

(8.) The iron thus removed from the rock at the time of 
silicification passed into solution in the percolating waters, to 


* Moreover, these similarities are not macroscopic only, but extend also to the 
thin sections, a large number of which have been made for comparison from coal- 
measure ores, and from the Hudson ores above mentioned. 


| 
| 
| 
| 
| 
| 
| 
| 
| 


Iron Ores of the Lake Superior region. 271 


be redeposited in various places as it became further oxidized, 
thus making ore bodies and various impregnations, and again 
forming the coloring matter of the jasper, the finely interlami- 
nated hematite of which is taken to be mainly the result of a 
secondary infiltration following the banding of the original 
rock, though we may imagine the hematite bands to have 
formed at times by direct oxidation from iron carbonate seams. 

(4.) In other places, however, instead of leaching it out more 
or less completely, the silicifying waters seem to have decom- 
posed the iron carbonate in place, producing a magnesia-silicate, 
or a magnesia-iron-silicate, the excess of iron oxidizing imper- 
fectly and separating out as magnetite, and the excess of silica 
crystallizing finally as a minutely interlocked quartz ground 
mass. Thus have arisen most of the actinolitic magnetite- 
schists. The various intermediate forms met with between the 
magnetitic and jaspery or cherty hematitic schists may be ex- 
plained by the carrying out simultaneously of the processes of 
removal of the carbonate and of its decomposition in place. 

(5.) The bodies of rich ore have probably had different 
origins in different cases. Some of the red hematites seem to 
have resulted from a direct oxidation in place of the original 
carbonate. This is demonstrable in the cases of some of the 
thinner seams of hematite by the retention of the crystalline 
form of the carbonate, but most of the red ores and specular 
ores, between which there are many gradation varieties, seem 
rather to be the result of the concentration of the iron by 
leaching. It is quite noteworthy that, except in the case of 
certain magnetite mines, all the ore bodies are associated with 
great developments of jaspery or cherty silica, or both; i. e., 
they occur where the silicitication has been most thorough, and 
where there has been the greatest amount of leaching of the 
iron carbonate. Some of the magnetite mines appear to be 
working on what are merely richer parts than usual of the 
magnetitic schists; but there are other cases of magnetite de- 
posits, as also of deposits of specular ore, for which I do not 
now see any satisfactory explanation, though the difficulty 
comes chiefly, I suspect, from lack of sufficiently close acquain- 
tance with them. 

(6.) Some of the silicifying process went on before the fold- 
ing of the formations; but some also afterwards, and to the 
latter period appear to me to belong the larger bodies of crys- 
talline ore, the crumpling and shattering of the layers afford- 
ing the best conditions for the action of the silicifying waters. 


It is not supposed that the theory thus advanced will not 
require modification in the future. Such a necessity is to 
be expected, and modifications, even to complete abandon- 
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ment, will be made to the full extent that any newly ob- 
tained information may direct. It is recognized, too, that 
nature’s methods are multiple and complex, similar results pro- 
ceeding from very different causes; and it is not designed to 
say that the theory covers aii occurrences of ferruginous rocks 
in the Lake Superior country. For instance, we have found 
rocks composed of quartz, actinolite and magnetite to have 
been derived from the alteration of an olivine-gabbro of the 
Keweenaw series. ‘l'hese actinolitic rocks are very different in 
habit, however, from the actinolitic magnetite-schists above 
alluded to, but still the existence of such an alteration admon- 
ishes us that similar changes may have taken place more 
widely than is now suspected. 

Nevertheless it is thought that in its main features the theory 
now presented will stand. It has this in its favor, at least, 
that its author has not been impelled to it by any preconceived 
notions—such ideas as he had having been much more opposed 
to such an hypothesis than in its favor—but has been led to it 
very gradually during the growth of an experience with these 
singular substances, which, in extent of territory covered, and in 
abundance of material examined, probably no other geologist 
has had the opportunity to obtain. 

Washington, D. C., March, 1886. 


Art. XXX.—Further Notes on the Artificial Lead Silicate from 
Bonne Terre, Mo.; by H. A. WHEELER. 


In the number of this Journal for August, 1885, there are 
some crystallographic determinations and analyses of both the 
crystallized and massive types of this artificial mineral from 
the Desloge Lead Co., of Bonne Terre, Mo.: by E. 8. Dana 
and S. L. Penfield. Since then I have had an opportunity to 
examine some specimens in the metallurgical collection of 
Washington University of this interesting material. The 
metallurgist of the Desloge Co., Mr. J. T. Monell, who for- 
warded the above specimens, informs me that the crystals were 
found directly under the hearth of an old Freiberg or reverb- 
eratory roasting furnace, close to the fire-bridge. The ore of 
this company, which is exclusively galena, is all treated, pre- 
paratory to smelting in a water-jacket furnace, to a preliminary 
roasting. Silica, to the extent of 10 or 12 per cent, is added to 
the roasting charge, and the heat is carried sufficiently high, at 
the latter part of the roasting, to agglomerate and melt the 
charge by the time it reaches the fire-bridge. It was directly 
under this fusion hearth of the furnace that the crystals of the 
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lead-silicate were found as linings of irregular cavities. The 
gangue of the ore is a magnesian limestone, which though 
mostly removed by dressing, is still present in appreciable 
quantities in the roasted ore and shows in the analyses. Asso- 
ciated with the galena is more or less pyrite, and a very small 
but persistent amount of nickel and cobalt; especially the 
former, probably as siegenite, though it is generally not to be 
detected by the eye. 

My, examinations, as far as they go, largely confirm those of 
Dana and Penfield. In one group of dark-red crystals, of 
rather feeble lustre, the individual members measure from 30 
to 40™" in length and thickness, and their analysis is given 
below. Another group of crystals furnish dimensions of 8 to 
15™", while they have a highly vitreous luster and are of a 
clear brownish-red color. They all seem to consist of one type 
of crystal, that is generally very perfectly developed, made up 
of two trigonal prisms and the basal pinacoid. One of the tri- 
gonal prisms is largely developed and is very prominent, while 
the faces of the other trigonal prism are much smaller and in 
some cases are scarcely apparent. The fracture is decidedly 
resinous and the streak yellow, while the hardness is 3. 

Analyses of the large, dark, translucent and the small, clear, 
light colored crystals are herewith appended, which agree with 
those of Penfield in showing that it is essentially a lead silicate. 
The finely disseminated magnetite alluded to by Penfield I also 
found, but removed it, after finely grinding in an agate mortar, 
with a magnet. It probably comes from the scales that drop 
off.from the iron tools that are so freely used at the fusion 
stage of the roasting process. 


Coarse Crystals. Fine Crystals. 
18°51 
72°93 

1°31 
0°62 
1°66 
0°20 


undet. 


95°23% 


In the analyses given by Penfield, the iron is given as FeO; 
as it plays so small a part in the composition, while the color 
of the specimens are all either red or brown, no special exam- 
ination was made to determine the condition of the iron and it 
was assumed to be in the form of Fe,O,,. 

Department of Mining and Metallurgy, Washington University. 
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ArT. XXXI.—Limonite Pseudomorphs after Pyrite; by JOHN 
G. MEEM. 


SEEING an article in the May issue, vol xxxi of this Journal, 
on limonite pseudomorphs, it was thought that a short account 
of the pseudomorphs occurring in Rockbridge County, Va., 
would be of interest. These crystals are found on a hill 
sloping gently to a small stream (Hoffman’s Run) about three- 
quarters of a mile southeast of Lexington, where they occur in 
the soil, on or near the surface, with outcropping limestones of the 
Lower Silurian age. In color they vary from a very light toa 
very dark brown, and in some cases are almost black. Some 
faces have a fine luster, others none at all. The pseudomorphs 
are hydrous and give a yellow powder, showing them to be limon- 
ite. Most of the crystals have undergone a complete alteration, 
there being no pyrite visible to the naked eye. In some, the 
unaltered pyrite is found forming a nucleus at or around the 
center; in others, it forms the bulk of the crystal, the latter 
then having only a coating of limonite. Bedded in the lime- 
stones from the same locality, unaltered pyrite occurs, though 
not in well defined or isolated crystals. 

The forms of these pseudomorphs present some features 
worthy of notice. The most common is the octahedron. This 
generally occurs combined with the cube, and of these combi- 
nations we have every variety from large octahedral and very 
small cubic faces to the other extreme (see figs. 2, 3, 4). 

One of the points of interest is noticed in the following. On 
nearly all the octahedral faces (1, Dana) striations running at 
right angles to the edges of these faces are observed (figs. 4, 5). 
Col. M. B. Hardin, Professor of Chemistry, etc., called attention 
to it and suggested that it pointed to a tendency in the crystal 
to form trapezohedral faces, that is,-to an oscillation between 
the octahedron and trapezohedron. Observations were begun 
with the view to settle this if possible. Specimens were 
obtained in which the angles varied more and more from the 
octahedral angles, and in which the tendency to trapezohedral 
faces (m-m) was more marked, until finally some were found 
that had the faces (m-m) fully developed, the strize obliterated 
and the edges very clean cut (figs. 6, 7,.8, 20, 21). In some 
of the faces (1) in which there are no striations observable, the 
angles are distorted from the true octahedral angles by a slight 
bulging at the center of the faces. Aggregations of these 
crystals are very common (fig. 1, example of cubes). In some 
of the crystals whose form is shown to be trapezohedral by 
projecting edges, this aggregation of the small trapezohedrons 
1s carried to such an extent and in such a manner on the 
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principal faces (m-m), as to present a general outline almost 
spherical, this outline being made up for the most part of apices 
of trapezohedral pyramids. In another spherical aggregation 
the projecting crystals are combinations of cubes and trapezo- 
hedrons, the faces of the latter in one or two of the crystals 
being perfectly developed, while in many of the other crystals 


the trapezohedrons are only filled out along the edges, making 
star-shaped figures around the cubic face (fig. 18). This 
depression of the faces (m-m) in some instances has encroached 
on the cubic face, making of it a star-shaped figure (fig. 19) but 
not like the other. Another aggregate has the exterior crystals 
very small, and its form is remarkably like that of an acorn and 
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its cup. In some of the octahedrons the effect caused by the 
repeated interruption of the tendency to form the faces (m-m) 


on the face (1) is often quite striking, producing step-like — 


formations (figs. 9,11). Another point observed was that in 
some of the combinations of the cube and octahedron the faces 
of the latter were unequally developed, while those of the cube 
were elongated into rectangles (figs. 13, 22). It was found 
that the development took place in alternate faces of any half 
of the octahedron, that is, that the large and small faces alter- 
nated above and below, and it was also found that the cubic 
faces which were parallel were elongated in directions at right 
angles to each other. As elongation or distortion of the octa- 
hedron could not produce either of these effects, the conclusion 
is that the octahedron is composed of plus and minus tetrahe- 
dra, notwithstanding the fact that all the faces (1) are the same 
in general appearance. In this combination the edges of the 
tetrahedron whose faces are more largely developed are replaced 
by cubic faces. These faces (H) have luster, while the faces (1) 
have not. 

The distortions occurring in these crystals produce singular 
effects (figs. 9, 10, 11). In some of the octahedrons, one of the 
axes will be so much inclined that a crystal is produced decid- 
edly monoclinic in appearance. In others two axes are inclined, 
giving a triclinic appearance. Some of the cubes have been dis- 
torted into prisms apparently tetragonal or orthorhombic. One 
of the latter (fig. 12) has two of its diagonally opposite angles 
replaced by large faces (1), and the other angles by very small 
faces or none at all. In some of the crystals fossils are found 
(figs. 14, 15, 16, 17), sometimes in the crystal, sometimes on a 
face, the fossils being composed of limonite. Most of the crys- 
tals examined were obtained from Col. J. H. Morrison, Adjunct- 
Professor Chemistry, etc., who has collected them in large 
numbers. 

Virginia Military Institute, June 12th, 1886. 


ArT. XXXII.—Note on the hydro-electric effect of Temper, in case 
of Steel; by C. Barus and V. StRoUHAL.* 


OvrR original object in writing these papers was that of elu- 
cidating questions having reference to the carburation of steel 
from a purely physical standpoint. The reasoning available 
to the physicist is, however, of an analogical kind, and there- 
fore as dangerous as it is fascinating. Hence, in view of the 
time already spent, it seemed to us expedient to endeavor to 


* Communicated with the permission of the Director of the Geological Survey. 
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cut more nearly down into the heart of the inquiry and to 
determine directly the carbon relations of steel as a function of 
the temperature (0° to 400°; 400° to 1,000°) and of the time of 
annealing; to do this with full reference to the physical occur- 
rences observed in the first and second phases of the phenome- 
non. So far as we know, M. Caron* alone has occupied him- 
self with similar work; but his researches, being largely 
restricted to the extreme states hard and soft, are for the 
present purposes incomplete. 

Glass-hard steel rods (Stubs) about 0-1™ in diameter and tem- 
pered uniformly in the way described elsewhere,t were each 
broken into four nearly equal parts and four samples of hard 
steel identical in composition and temper thus obtained. These 
samples were annealed at 20° (glass-hard), 100° 4%, 200° 14, 
860° 1", 1000° respectively. Having treated them with cold 
HCl, we found that the rods annealed at 20° and at 100° dis- 
solved apparently without residue; those annealed at 200° left 
a trace of flocculent carbon. Rods annealed at 360° yielded 
flocculent carbon in some amount; rods annealed at 1000°, 
finally, a comparatively copious and heavy carbon precipitate. 
The residues were collected in a weighed Gooch crucible (asbes- 
tos filter), thoroughly washed in the usual way,t dried, weighed, 
ignited in oxygen, again weighed, and the loss of weight on 


ignition estimated as carbon. The results thus obtained are 
sufficient for the present purposes : 


Annealed at: 20°, 100°, 4" 200°, 1 360°,1" 1000° 
per gram of steel, c = j <0°0007 <0°0007 0°0009 0°0021 0°0047 
In a second series of similar experiments we found: 


Annealed at: 20°, co 100°,108 200°,1 360°,18 450°, 12 1000°,30™ Commer- 

Uncombined graphitic cial (soft), 
carbon per gram of }0°0001 0°0005 0°0005 0°0014 0-0009 0°0033 000053 
steel, c = 


In general ¢ increases at an accelerated rate with tempera- 
ture. The large datum for the commercial state, as compared 
with the smaller values of ¢ for stee] heated to redness in the 
ordinary way is an interesting feature of these results. We 
will refer to it again below. ‘Temperatures even as low as 100° 
when acting on hard steel for long intervals of time (10") pro- 
duce perceptible precipitation of the carbon in the steel. 

On closer inspection it appeared that steel annealed at 100° 
is, cet. par., more easily soluble than glass-hard steel; steel 
annealed at 200° more easily than steel annealed at 100°; steel 

* Caron: Comptes Rend., lvi, pp. 43, 211, 325, 1863. 

Bull. U.S. G. No. 14, p. 29, 1885. 


t Using dilute HCl, hot water, solution KOH, alcohol, ether. Cf. Blair, ‘‘ Re- 
port of the Board of Testing Iron, etc.,” Washington, Govt., I, 1881, p. 248. 


278 Barus and Strouhal—Hydro-electric 


annealed at 360° more easily than steel annealed at 200°. In 
other words, generally, the rate at which solution takes place 
increases as temper continually decreases. These curious re- 
sults were substantiated by annealing one-half of short glass- 
hard rods (ca. 5™ in length) at red heat. On dissolving in 
HCl, the diameter of the soft length is diminished more rapidly 
than the diameter of the hard length. The diminution is usu- 
ally greatest near the middle of the rod, where hard and soft 
— meet; showing, probably, that local galvanic action is 

ere perceptible.* If we define the rate of solution as the mass 
dissolved per unit of area per unit of time, then in case of two 
submerged cylinders, for which during the time ¢ the radii are 
reduced from p, to p and from p, to p’ respectively, the rates, 
cet, par., will be to each other as corresponding values of the 


expression, 
p 
27d, 
Po <7 


The following little table contains some of the results ob- 
tained with rods in the hard (h) and the soft (s) states respect- 
ively, dissolved in acid, HCl, under identical conditions. The 
rods are numbered A, B, C, D. These ratios of rates are of 
course subject to very large variations depending on the method 
of annealing, passivity, eic. The table is a fair exhibit of 
average values. 


Rates of solution of hard and soft steel. Original diameter, 
20=0'126™, 


Diameter 2p= Rate= 
Rate. 
A | B | cl! A | B D 

0-122 | 0-123 | 0122 | 0122 | 10 | 10 10 10) 10 
s| 0115 | 0116 | 0-115 | 0113 | 27 | 33 | 28 | 32! 3-0 
h| 0-116 | 0-116 | 0116 | 0115 | 10 | 10) 10 10) 1°0 
s | | 0-108 | | 0-10 23 | 18 | 20 | 20 | 20 
h| 0-090 | 0-090 | 0-089 | | 10 10 | 10 | 10 | 10 
| 0-061 | 0-052 | | 20 | 18 | 20 | 19 | 19 
h| 0078 | | 0-077 | | 10) 10 | 10 | 10 
s| 0-038 | 0-029 | 0-028 | 0-042 | 18 | 20 | 20 | 217 | 19 


From these results we inferred that hard and tempered steel 
would probably be distinguishable hydro-electrically, and that 
for the first phase of the phenomenon of annealing, at least, this 


*TIt is also probable that steel annealed at a temperature in very low redness 
is more easily soluble than steel in any other state, hard or soft. 
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distinction might be more delicate than the estimation of pre- 
cipitated carbon. ‘To test this inference we selected rods Nos. 
1 to 12, quenched uniformly glass-hard by our method. These 
were then broken in the middle and the first halves of each 
rod left in the glass-hard state; the other halves were annealed 
in pairs at 20°, 100° 4%, 185°, 360° 450°, 1000°, respectively. 
In order to anneal these (long) rods uniformly, we used a spe- 
cial device by which they were drawn vertically upward, 
through a zone of constant temperature, by clockwork. If h 
be the height of this zone and p the radius of the disk or drum 


hk. : 
revolving once per hour, then oe is the time of annealing 


in hours. Again, if we make h=2z, then the time of exposure 
in hours is the reciprocal of the radius of the dise in centime- 
ters. This method of annealing is exceedingly convenient for 
long geometrical figures, inasmuch as it requires only a very 
narrow cylindrical zone of constant temperature.* It is there- 
fore applicable at all temperatures, and almost invaluable for 
. high temperature work (500° to 1000°) where sharp distine- 
tions of time are unnecessary and zones of definite constant 
temperature are not easily produced. In this way we obtained 
six pairs of hydro-electric couples, each of which consisted of 
glass-hard steel and the same steel annealed at one of the tem- 
peratures specified. Our first results were investigated with a 
zero method. They showed clearly that annealed steel is hydro- 
electrically positive with reference to hard steel, and that elec- 
tromotive force increases with difference of temper. But in 
view of the large polarization discrepancies incident to these 
measurements, the electrometer is preferable to the zero instru- 
ment. 

The following data were obtained with Mascart’s apparatus 
adjusted to indicate 0°001 volt, accurately. The electrodes of 
the steel couples were immersed in a concentrated solution of 
zinc sulphate (pure), contained in a U-tube, the two limbs of 
the tube receiving the two steel wires. We kept them scrupu- 
lously bright by repeated scouring with sand paper. In the 
tables we give the electromotive forces e of the divers couples 
of hard and tempered steel, as well as the probable mean error 
of each. The means of the two values of e for each tempera- 
ture of annealing are given in the second horizontal row and 
fairly exhibit the hydro-electric effect of temper in question. 

The following data are the mean results of four series of 
measurements of five observations per series. The rods were 
scoured before beginning the first and the third of these series. 


* Qn x 7 (0°3)cm* , or even a narrower cvlindrical figure being sufficient. We 
have in view a similar method of quenching by which long continuous steel wires 
are drawn rapidly through a zone of high temperature into water. 
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Annealed at 20°. 
(Glass-hard.) 
No. 9. No. 10. 
ex 10 ex 10 
+4 +13 
+0°009 


Annealed at 260°. 
(Mercury.) 
No. 5. No. 6. 
ex 108 ex 10 
+3643 +3443 
+0°035 


Annealed at 100°. 
(Steam.) 
No. 1. 
ex 10° 
+1244 
+0°005 


Annealed at 450° 
(Sulphur.) 
No. 7. No. 8. 
ex 103 ex 168 
+3543 +40+3 
+0°037 


Annealed at 190°. 
(Aniline.) 
No. 3. No. 4. 
ex 16° ex 108 
+19+3 +2041 
+0°020 


Annealed at 1000°. 


No. 11. No. 12. 


The following data are the mean results of four series of five 


observations per series. 


Annealed at 20°. 
No. 10. 
ex 108 

+2 


Annealed at 360°. 
No. 5. No. 6. 
ex 10° 
+3445 

+0°030 


The following data, finally, are the mean results of two series 


ex 108 
+27+1 


of three observations per series. 


series. 


Annealed at 20°. 
No. 9. No. 10. 
ex 108 

+2 +4 


Annealed at 360°. 
No. 5. No. 6. 
ex 10° ex 10° 


+3642 
+0°035 


+3441 


Annealed at 100°. 


Annealed at 450°, 
No. 7. No. 8. 
ex ex 168 
+35+2 +43+2 
+0°039 


Annealed at 100°. 
No. 1. No. 2. 
ex 103 ex 108 
+642 +621 

+0°006 


Annealed at 450°. 
No. 7. No. 8. 
ex 10° ex 10° 
+37+2 

+0°038 


+3942 


Rods scoured before each series. 


Annealed at 190°. 
No. 3. No. 4. 
ex 108 ex 168 
+2043 +2442 

+0°022 


Annealed at 1000°. 
No. 11. No. 12. 
ex 108 ex 168 
+5142 +6545 
+0°058 


Rods scoured before each 


Annealed at 190°. 
No. 3. No. 4, 
ex 168 ex 
+1643 +2541 

+0°021 


Annealed at 1000°, 
No. 11. No. 12. 
ex 168 ex 10° 
+59+6 +65+8 

+0°062 


The electromotive forces here encountered are small. It is 
necessary to take extreme precautions against all sources of 
error; otherwise mere discrepancies of polarization will exceed 
the largest values of electromotive force (e) found. If the parts 
of the liquid in which the steel wires are immersed differ at all 
in composition, we may look for a difference of potential at the 
surface of separation of those parts. The number of such sur- 
faces in a solution (of solid, liquid or gas) may be indefinite. 
Hence it appeared desirable to repeat the above experiments 
with distilled water in place of zinc sulphate; to exchange the 
limbs of the U-tube twice for each series of measurements 


| 
| 
5 
| ex 1068 ex 108 
+49+4 +64+4 
+0°052 
N No. 1. No. 2. 
e ex 10° ex 10° 
+843 +7+1 
+0°003 +0°007 
+0°003 
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(commutation) ; to submerge equal surfaces of steel electrode 


in all cases. 


Annealed at 20°. 


Annealed at 360°. 
No. 5. No. 6. 
ex 108 ex 108 

+93411 +8546 
+0°089 


The results follow : 


Annealed at 100°. 
No. 1. No. 2. 
ex 10° ex 10 
+1245 +2849 

+0°020 


Annealed at 450°. 
No. 7. No. 8. 
ex 108 ex-168 

+128415 +8249 
+0°105 


Annealed at 190°, 
No. 3. No. 4. 
ex 10° ex 108 
+3347 +20+8 

+0°027 


Annealed at 1000°. 
No. 11. No. 12. 
ex 108 e x 108 
+166+5 +205+3 

+0°185 


A few supplementary data are given in the next table, where 
Nos. I and II are (+-) iron /steel (—) couples, both metals softened 
at red heat; No. III a couple of two nominally identical iron 
wires; Nos. IV and V, couples consisting of steel in the com- 
mercial drawn state (+), and the same steel softened at red 
heat (—). The couples are immersed in distilled water. The 
extreme positive character of the commercial wires is in accord 
with the data for carburation, p. 277. 


I. af. Til. V. 
—6542 


ex +2643 


+6342 +20 —69+45 
Mean ex +45 


+20 —67 


The general results of these measurements are in accord- 
ance; the variations of potential, when taken as a whole, regu- 
lar and decided. They show that as hardness increases the 
hydroelectric position of steel moves continually in an electro- 
negative direction. The electromotive forces encountered are 
larger for the electrolyte distilled water than for zine sulphate. 
The total range of variation in the former case (water) may 
exceed 0°25 volt. For zinc sulphate it scarcely reaches the 
one-third of this amount and decreases as the time of immersion 
increases. After submersion, moreover, the original electro- 
motive force is not fully restored even by rubbing the elec- 
trodes.* When steel is immersed in water the effect of repeated 
scouring seemed to be an increase of electromotive force. 
These and similar annoyances which make the study of polari- 
zation phenomena so unsatisfactory are too well known to need 
further comment here. 

If we avail ourselves of the observations made above on the 
rate of solution of tempered steel, we may infer, consistently 
with all the facts adduced, that inasmuch as the tempered elec- 
trode is covered with hydrogen at a greater rate than the hard 


* After long exposure of the wires to air the original force again appears. 


No. 9. No. 10. 

ex 108 ex 10 

+18 +28 

+0°023 
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electrode,* the former must be positive with respect to the 
other; that the phenomena in hand are mere effects of polariza- 
tion. In other words, it is permissible to assume that the con- 
tinuous variation of the mechanical texture of steel produced . 
by annealing is the cause of corresponding variations of the 
rate of deposition of hydrogen on the submerged metal; that 
the electromotive forces observed are expressions of this hydro- 
gen polarization, and bear no immediate relation to the electro- 
chemical character of the steel electrode at all. 

On the other hand, the dependence of the hydro-electric 
positiont of steel, caeteris paribus, on the amount of free carbon 
contained is sufficiently obvious to conflict with this view. It 
is expedient to insert here a tabular comparison of the data 
under consideration. In the table, ¢c denotes the number of 
grams of free carbon per gram of steel; e and e’ the differences 
of potential between steel tempered and steel hard when plunged 
in zinc sulphate and in water respectively. J is the density, s 
the specific resistance, a the resistance-temperature coefficient, 
h the thermo-electric hardness of wires of the same kind of steel 
(Stubs’ best). a and / are obtained by calculation. 

Diameter 2p=0°681°™. 


Annealed A 
from hard at 


20°, 2 | 0°000 

100°, 1" 

100°, 13" 0°0005 0°020 

190°, 15 

190°, 5" 00007 0°027 

350°, 0°0017 | 0°089 

450°, 1" 0:0009 
530° 
690° 
810° 
1000° 0:0040 


— 


ASO OHO 


| 
Commercial.| 00053 |. 252 | 16°3 


chemical change; but it is highly probable that a clearer 
insight into the nature of the decomposition of carbide produced 
by annealing hard steel would be obtainable from a study of 
the character and quantity of the hydrocarbons (gaseous, liquid) 
volatilized during solution. They accumulate in copious 


* Hydrogen accumulates visibly on the + electrode when immersed in zine 


sulphate. 
+ Curiously enough the observed points c and e’ lie nearly on a right line. 


76547 
7°6666 
7 6745 
7°684] 
7°6828 
76806 
77190 | 
77272 
T7586 | 
| 
00039 | 67 
When steel of a given kind is qperated upon and total carbon 
therefore a fixed quantity, the variable c affords a comparatively 
convenient means for detecting the presence and amount of 
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amount long before the precipitation of carbon is perceptible or 
even when no appreciable precipitation occurs. If we regard ¢ 
and e and e’ correlated, then we have in hand an example of 
an exceedingly remarkable decomposition, which may be 
regarded incipient in hard steel even at ordinary temperatures, 
which is a certainly perceptible occurrence after annealing at 
only 100°, and which becomes more and more definitely 
marked and distinct as the temperature and the time of anneal- 
ing increase. The anomalous character of this species of 
decomposition when occurring in a rigid solid we have already 
fully pointed out.* To obtain further information it is neces- 
sary to investigate the relations of the variable ¢ minutely. 
Finally, the critical difference between the thermo-electric and 
the hydro-electric behavior of steel is well shown by construct- 
ing / as a function of e’. 

We are not at present prepared to discuss the general ques- 
tion further. Such discussion, to be satisfactory, presupposes 
a knowledge of the relations of the variables in the table for 
steel identical in kind and temper, exposed to the action of 
temperature under identical conditions—a desideratum which 
the tabulated treatment and the results do not, as yet, fully 
supply. We therefore merely remark that if we had come upon 
the hydro-electric results earlier, we should not have considered 
it safe to dwell upon the exclusive importance of the strain- 
effect during the first phase of the phenomena of annealing. 
With this assertion we do not wish to imply that the views 
of the preceding papers are to be modified. 

Washington—Prague, June, 1886. 


* “On endeavoring to use the chemical hypothesis of tempering to account for 
the phenomena of annealing, we at once encounter serious difficulties. On the 
basis of this theory there must exist a fixed ratio of combined to uncombined 
carbon for each temperature of the annealing bath. Moreover, for a given tem- 
perature this ratio must be approached gradually (asymptotically) as time of expo- 
sure is prolonged indefinitely; for different temperatures it must decrease as 
temperature increases indefinitely, until fiually a minimum value wholly inde- 
pendent of temperature is asymptotically reached. The minimum of the ratio of 
combined to uncombined carbon need not, of course, be zero. The last phase of 
this decomposition is in many respects similar to the phenomena of dissociation. 
The resemblance can, however, only be apparent, since continuous dissociation 
has not been observed except in the case of gases. At ieast, to our knowledge, 
there are no chemical examples in which solids are found to dissociate in accord- 
ance with the laws to which gases, in virtue of their physical state, must conform, 
and for this reason the explanation of the phenomena of annealing given by the 
chemical theory is remote and forced, and to be discarded. We gain no more by 
adopting Matthiessen’s hypothesis, which considers all iron-carburets as solidified 
more or less thorough solutions of carbon in iron.”—Bull. U. S. G. S., No. 14, 
p. 94, 1885. 
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ArT. XXXIII.— On the Crystalline Structure of Iron Meteorites ;* 
by OLIVER WHIPPLE HUNTINGTON. 


THE general octahedral structure of iron meteorites was ob- 
served soon after the attention of mineralogists had been 
directed to this remarkable class of bodies. 

In the year 1808, von Widmanstittent of Vienna observed 
the crystalline figures brought out on a polished section of the 
Agram iron by tempering or etching, which have since been 
known by his name. That these figures might be due to an 
octahedral structure is said to have been remarked by Berze- 
lius,t and as early as 1816 was inferred by S6mmering from 
definite measurements of angles between the lines of the fig- 
ures. In the same year, Wollaston remarked that the iron 
from Bemdego (Bahia) had an octahedral cleavage,§ and later, 
in 1889, still more striking evidences of octahedral structure 
were described by C. U. Shepard in his paper on the Ashe- 
ville meteoric iron.| Furthermore, in 1861, von Reichenbach 
studied with great detail all the minute features which are pre- 
sented by the Widmanstittian figures, and published his results 
in a series of papers in Poggendorff’s Annalen entitled ‘‘ Ueber 
das innere Gefiige der naheren Bestandtheile des Meteor- 
eisens."€ He first made the distinction between the different 
conditions of nickeliferous iron forming the material of the 
crystalline plates of which the Widmaustittian figures are sec- 
tions, and introduced into the descriptions of these bodies the 
now familiar terms of Balkeneisen, Bandeisen and Fiilleisen, 
which he also designated respectively as Kamacite, Tsenite 
and Plessite. 

In the year 1864, Gustav Rose, in his “ Beschreibung und 
Hintheilung der Meteoriten,” distinctly pointed out the octa- 
hedral arrangement of the plates which form the Widmanstiat- 
tian figures, and compared the structure of meteoric iron with 
the lameilar structure of many leucite and magnetite crystals, 
regarding the crystalline mass as consisting of scales or plates 
of iron separated by lamine of the iron and nickel alloy which 
Reichenbach called Tvenite. 

In 1848, Neumann,** in studying the structure of the Haupt- 
mannsdorf (Braunau) iron, concluded that the fine linear mark- 
ings which appear on etching the faces of the remarkable cubic 
forms obtained by fracture were essentially distinct from the 

* From the Proceedings of the American Academy of Arts and Sciences, May 
12, 1886. + Schweigger’s Journ., lii, 172. 

{oun Journal, IIT, vi, 18. § Phil. Trans., 1816, p. 281. 


Journal, I, xxxvi, 82. § Poggendorff’s Annalen, Bd. cxiv. 
** Naturwiss. Abhandlung ber. v. Haidinger, vol. iii, pt. ii, p. 45. 
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Widmanstattian figures, and such lines have since been known 
as Neumann lines, and have been supposed to indicate a cubic 
structure, just as the Widmanstattian figures had been sup- 
posed to mark solely an octahedral structure. 

On this basis, iron meteorites are now generally classified 
under two chief groups, as the octahedral and the cubic. This 
distinction, originally made by Gustav Rose, has been brought 
into prominence by Dr. Brezina in his recent catalogue of the 
collection of meteorites at the Vienna Museum, and in this 
catalogue both the cubic and octahedral meteorites have been 
further subdivided by him into numerous sub-groups, marked 
solely by the width and other features of the figures or lines. 

That such a classification cannot be natural or fundamental 
is shown by the disagreement of equally competent observers 
in regard to the character of the figures or lines in special 
cases, and also by the circumstance that the figures may appear 
very differently on separate masses of the same fall, and even 
on different parts of the same section. For example, the iron 
from Ovifak, Greenland, in regard to whose meteoric origin 
there has been so much question, is described both by Dr. J. 
Lawrence Smith and Daubrée as yielding distinct well-marked 
Widmanstittian figures, while Dr. Brezina insists that it shows 
absolutely none. In like manner, the well-known iron of 
Santa Catarina is described by Daubrée, Damour and others, as 
exhibiting distinct Widmanstittian figures, while Dr. Brezina 
not only asserts that no figures could be developed on any 
specimens which have come under his notice, but even calls in 
question the discrimination of the eminent mineralogists just 

uoted. Again, Dr. Brezina, in criticising some observations 
of Dr. Walter Flight of the British Museum, includes the iron 
of Babb’s Mill among those which exhibit no Widmanstattian 
figures ; but the specimens, of unquestionable authenticity, in 
the collection of Harvard College show well-marked figures. 
Furthermore, an etched surface on a mass of Nelson County 
iron weighing 6,800 grams, and measuring 138 inches in its 
longest dimension, presents perfectly distinct figures near the 
centre of the section, which grow indistinct near the edges, and 
entirely fade out at one end. On the other hand, the iron of 
LaCaille, classed by Dr. Flight with the irons giving no figures, 
shows, as Dr. Brezina truly remarks, very well developed fig- 
ures when the sections are made in most directions; but we 
have etched surfaces of this meteorite which over several 
square inches of area show no figures whatever. 

In view of such differences of observaticu and opinion as 
the above examples indicate, it seemed desirable to make a 
still further study of the crystalline structure of iron meteorites, 
and Professor Cooke placed at my disposal for this purpose the 
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very large collection of Harvard College, which, since the 
acquisition of the collection of the late Dr. J. Lawrence Smith, 
has representatives of all the characteristic meteorites of this 
class. The writer has been familiar with this collection since 
it was acquired by the college, and, in examining the specimens 
from time to time, he has been struck by the indications of 
crystalline form which many of them present. These appear 
like rough octahedrons, and their irregular faces present the 
most striking similarity to cleavage planes, although in some 
cases the surfaces are covered and the edges rounded bya 
fused crust. On further examination, it appeared evident that 
the surfaces in question must be true crystalline faces, for not 
only were these faces parallel to planes of fracture as indicated 
by rifts through the mass, but they also stood in a definite rela- 
tion to the Widmanstiittian figures. Moreover, rifts of fracture 
were common when no external crystalline form could be made 
out, and hence came the idea of using the cleavage faces as 
planes of reference in studying the crystalline structure of the 
iron meteorites; and the plan was formed to grind, polish and 
etch surfaces either parallel to the cleavage planes or in a 
known position towards them, with the hope that it might thus 
be possible to determine with certainty the relations of the 
crystalline plates whose cross-sections form the Widmanstittian 
figures. This was in general the plan of the investigation 
whose results are here given. 

The most striking example of such a rude cleavage form as 
has been described is a mass of the Franklin County (Ken- 
tucky) iron weighing 7,260 grams, which shows all the planes 
of an octahedron, inclined to each other at the regular octa- 
hedral angle (109° 28’) as nearly as the uneven surfaces of the 
faces would admit of measurement with an application goni- 
ometer. This large, unique, isolated octahedron, of massive 
iron, measures seven inches in its longest dimension, and one 
of the triangular faces distinctly outlined measures over four 
inches on each edge. Another face, still more distinctly 
marked, measures three inches on each edge. At various points 
there are triangular depressions or reliefs conforming to the 
general outline, features which are so characteristic of large 
crystals; and there are also numerous rifts parallel to the octa- 
hedral faces. A large part of the surface is covered with a 
crust, and, on the basis of the usual interpretation of meteoric 
phenomena, it is obvious that this crystal is the fragment of an 
Iron meteorite broken up after entering the atmosphere, but 
while still moving rapidly enough to produce a melted crust 
over the surface of fracture. 

Another example in the Harvard collection of external octa- 
hedral form is a specimen of the Carthage (Smith Co.) iron. 


I 
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This specimen shows six faces of a rough octahedron, one of 
the faces having an area of seven square inches. One half of 
this octahedron has been partially torn apart into numerous 
smaller crystals, some of them an inch or more in diameter ; 
but though the crevasses between the individuals are in some 
places nearly a quarter of an inch in breadth, yet they are 
bound firmly together by a network of plates, which in some 
parts raggedly jut out from the octahedral faces. The general. 
appearance of the exterior of the specimen reminds one some- 
what of a rough mass of galena crystals, only of octahedral 
form. The rough crystal is evidently the result of fracture, 
probably caused during the passage of the mass through the 
air, and the octahedral faces are cleavage planes, if the term 
cleavage may be applied to such fractures, which cannot be re- 
produced by splitting in the ordinary way on account of the 
malleability of the mass. The specimen further exhibits a 
fused crust over the octahedral faces, which must have formed 
after the partial breaking up of the large mass, giving a rounded 
appearance to the edges. On a polished surface, cut nearly 
parallel to the largest octahedral face, the figures produced by 
etching appear very strikingly. They are perfectly distinct 
and regular, being typical Widmanstiittian figures; but when 
they come to the cracked portion of the iron, they appear as 
separate plates, some having been broken by the rupture, 
others separated, while the greater number appear bent and 
strained, but still coherent and binding the mass firmly to- 
gether. The whole appearance on the etched surface gives at 
once the idea of a forcible explosion, and yet all the cracks, 
even the most ragged, follow directions parallel to the octahe- 
dral faces. 

A second specimen of the same iron, measuring twelve and 
a half inches in its longest dimension, and weighing 9,980 
grams, is a very remarkable mass of cleavage octahedrons, 
loosely packed together and piled on top of each other, not un- 
like crystals of alum, and almost as sharply defined. The 
largest octahedral face measures five inches in diameter, but is 
made up of numerous smaller crystals, in some places jutting 
out and in others receding, forming numerous triangular pro- 
jections and depressions. 

Another striking octahedral mass is a fragment of the well- 
known De Kalb County meteorite. One specimen of this 
iron shows hollow octahedral faces, two inches in diameter, like 
hopper crystals, consisting of skeletons built up of a series of 
plates about half an inch wide and one-sixteenth of an inch 
thick. These plates, when cut transversely, constitute the 
Widmanstattian figures. When the section is cut at random, 
the figures may differ somewhat in character, and the plates 


i 
® 


288 Huntington—Crystalline Structure of Lron Meteorites. 


appear to make various angles with each other; but*when the 
etched surface is parallel to an octahedral face, the Widman- 
stattian figures all make equilateral triangles, their sides being 
parallel to the octahedral edges, 


De Kalb County. 


Such a section is shown in fig. 1, which is part of a surface 
cut parallel to an octahedral face of the De Kalb specimen just 
referred to. The figure is an exact sketch, representing the 
plates of their natural size. The most noticeable character in 
the figure is the system of broad bands which divide the mass 
into equilateral triangles. These are cross-sections of the crys- 
tal plates, which, in another part of the specimen, stand out so 
markedly in forming the hollow-faced octahedrons. These 
plates consist of the purer iron to which Reichenbach gave 
the name of Balkeneisen, or Kamacite, and they are separated 
from the groundmass by a thin layer of iron rich in nickel, 
called by Reichenbach Bandeisen or Tzenite. This material is 
not readily acted upon by acid, and therefore appears on the 
etched surface as a bright silvery line along the edge of the 
kamacite plates. In some meteorites, as in the Cocke County 
and Sevier County, it occurs in sufficient mass to be easily 
separable from the plates in the form of a thin elastic foil, 
while in others it almost wholly disappears. The thin plates 
of “bandeisen ”, resist the action of oxidizing agents, as they 
resist the action of dilute acid, so that, when the surface of the 
meteorite becomes disintegrated by air and moisture, these 
plates not unfrequently become loose, and are easily separated. 
Dr. Lawrence Smith analyzed the material of some plates thus 
obtained from the Sevier County meteorite, and found in them 
27 per cent of nickel. The groundmass consists of what 
Reichenbach calls Fiilleisen, or Plessite. In the present case, 
the latter is filled with very thin plates, or “combs,” in general 
following the octahedral directions and appearing to be a sub- 
sequent crystallization, as if the larger plates had first shot 
through the mass when in a liquid state, and then, as the inte- 
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fectly, but forming smaller and smaller plates. 5 
Figure 2 shows, double the natural size, one face of a ver 
perfect octahedron broken out from the Putnam County mete- 

orite. This iron appears by oxida- 

tion of the surface to break u 

into octahedrons and acute rhombic 

prisms. The octahedron represented 

in fig. 2 was so loose in its structure 

that it was necessary first to mount 

it in pitch before grinding the face 

in order to prevent the plates from 

splitting off. Here the character is 

much the same as in the previous 

one, except that the plates are smaller, 

and at the points a, ) and ¢ the iron 

is perfectly granular, showing no 

signs of crystallization. Moreover, Putnam Co., Georgia. 

the groundmass, instead of contain- 

ing the combs above mentioned, has been broken up bya 
series of irregular cracks into coarse grains, very much like a 
mass of crackled glass. Another meteorite which most beau- 
tifully illustrates the octahedral arrangement is the Tazewell 


rior portions solidified, these also crystallized more or less per- 


(Claiborne Co.) iron, fig. 3. Here the figures brought out by 
etching are very sharply defined, but are so small that, in some 
parts of the field, it seems as if there were almost no limit to 
the fine bands as seen with an ordinary pocket lens. The 
bands, though small, exhibit all the features of the coarser 
Widmanstiittian figures. On the exterior of the mass, small 
octahedral planes are distinctly visible, and a crack, shown 


Tazewell, Claiborne County.* 


* The illustrations of this paper were made by the Lewis Engraving Company, 
and although in the details they are faithful reproductions of the drawings from 
which they were taken, yet the lines are all too heavy, and give the idea of a 
much coarser structure than the meteorites actually present. This is especially 
true of the above cut. 
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by the heavy line in the figure, following the octahedral cleav- 
age, nearly separates the mass into two portions. 

So far, the observations on octahedral irons do not differ 
materially from what has been described in the papers already 
referred to. The Widmanstittian figures are manifestly the 
evidence of a very perfect crystallization, chiefly in the octa- 
hedral form; and these octahedral plates frequently may be 
readily separated, the successive depositions of the plates pro- 
ducing a more or less jointed structure, similar to that well 
known in cap-quartz. But this jointing must be clearly dis- 
tinguished from the octahedral cleavage or fracture above re- 
ferred to, which, as already stated, often passes directly through 
the plates. Moreover, the perfection of the octahedral cleavage 
does not depend upon the size and character of the Widman- 
stittian plates, many of the irons which show the best figures 
affording no evidence of octahedral cleavage, while some of 
the most compact break readily into octahedrons. 


Butler, Bates County. 

An example of the latter is shown in fig. 4 from the Butler 
(Bates Co.) iron, where the larger surface, drawn of its original 
size, shows that the Widmanstittian figures are very fine, and 
not in broad, distinct plates, while some of them are even 
microscopic; and yet from this iron was obtained a far more 
perfect octahedron than from any of those with a coarser struct- 
ure. The smaller sketch shows one face of such an octahe- 
dron, twice the original size. This octahedron showed seven per- 
fectly even regular octahedral faces, the eighth face having been 
hollowed out where it formed part of the crust of the meteorite. 


ys 
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All the faces were polished and etched so that the plates 
might be followed through their entire extent. On examina- 
tion, it appeared that the majority of the plates, including even 
the finest microscopic markings, followed the direction of the 
octahedral faces. But there will be noticed in the sketch of 
the octahedral face, that, in addition to the usual directions, 
there appear certain plates which bisect the facial angle of the 
octahedron. These plates, when followed over an edge on to 
an adjacent face, were seen to be parallel to an octahedral edge, 
showing that they must be dodecahedral instead of octahedral. 

Thus it at once appeared that the Widmanstittian figures 
could not be solely characteristic of octahedral structure. 
Furthermore, the Butler meteorite seemed to stand between 
well-marked Widmanstittian figures and the finer lines dis- 
covered by Neumann and shown by him to be parallel to cube 
edges. Some of the Butler figures are coarse enough to be 
classed unquestionably as Widmanstattian, that is, they show 
the three varieties of iron distinguished by Reichenbach, which 
he calls the Trias; while others of the figures are almost micro- 
scopic markings, in which distinct plates of kamacite and ples- 
site cannot be made out even under the microscope. Between 
these two extremes there is every gradation. The Butler mete- 
orite has always been classed among the octahedral irons. We 
come next to the Coahuila, which has been classed with the so- 
called cubic irons. 

A large section of this iron, on being etched, showed innum- 
erable fine lines, seeming at first sight as irregular as the mark- 
ings on a chopping-block. When this section was examined 
under the microscope, it showed all the characters of the Butler 
figures, only a degree finer. On studying the directions of the 
lines, they appeared to make every possible angle with each 
other, but with a prevalence of right angles. The meteorite is 
very compact, with usually no external 
crystalline form, but it was found that on 
one specimen, by quick blows of the ham- 
mer, cleavage masses could be broken 
away. One of these cleavage masses is 
shown, of twice its original size, in fig. 5. 

It has the well-known form of the cube 

twin, described by Tschermak* as typical 

of the Hauptmannsdorf iron, but with 

this difference, that the cube in this case is 

modified by the octahedron. On polish- 

ing and etching the crystal faces, the lines 

appeared so fine as to be for the most part 
indistinguishable by the naked eye, but  Co*huila, Mex. 


* Akademie der Wissenschaften Wien, Ixx, 449. 
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under the microscope showing most beautiful markings, all 
arallel either to the cube edges or to those of the octahedron. 
ost of the lines were so fine as to appear like the finest stria- 
tions, while a few, on the other hand, were coarse enough to be 
recognized by a pocket lens as consisting of plates with all the 
characters of the finer Widmanstittian figures. 


Coahuila, Mexico. 


In actual contact with the crystal just described appeared an 
acute rhombic prism with an angle of about 120°. This prism, 
shown of twice its size in fig. 6, could only be separated by 
the hammer over the area a } ¢ d, and the rest of the face had 
to be continued by cutting through a very compact part of the 
specimen. ab,bcandcd are the natural crystal edges, and 
the three faces of the prism not shown in the figure were 
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chiefly characterized by the system of fine lines seen here par- 
allel to cb. The lower of the two drawings was made from 
the original specimen, without a knowledge of what the angles 
were; but on examination it was found that the lines, and 
prism faces as well, could all be referred to a cube with twin 
members on all the trigonal axes. 

The face of such a twin is represented by the diagram be- 
tween the two figures of the crystal, and the upper figure was 
actually drawn from the cube diagram by means of a parallel 
ruler, and it will at once be seen from the close coincidence of 
the two figures that the upper one must be correct, the lower 
one only varying within the limit of error of a mechanical 
drawing. 

On examining the Hauptmannsdorf iron, which has long 
been known to break with a cubic fracture, a cube face under 
the microscope appeared, as shown in fig. 7, some of the lines 
being parallel to the cube edges and others forming diagonals 
of the cube face. These diagonals might , 
be octahedral lines or dodecahedral lines, é 
or they might be lines of cleavage parallel 
to the face of the other individual of a 
twin, and as the face shown in section re- > x 
placing the cube angle at a was the face of 
a twin cube, the lines parallel to that edge 
would probably be due to the same plane; NA Xx 
and this was proved to be the case, as on an a 
adjacent face the same lines followed the Hauptmannsdorf 
direction of twinning. These lines of twin- (Seamnen.) 
ning are not represented in fig. 7, to prevent confusion. 

Thus the Hauptmannsdorf iron appears to be purely cubic 
in structure, while the Tazewell appears to be purely octahe- 
dral. However, as the octahedron was observed in the 
Coahuila iron, and the dodecahedron appeared in the Butler 
iron, it became a question whether the cube and dodecahedron 
could not be found in the typical octahedral irons. <A very 
large number of irons were studied with this end in view, but 
nothing could be determined with specimens where only one 
face could be examined. It was necessary to have two known 
crystal faces, and to be able to follow the plates over an edge. 
For on a cube face the octahedral plates give rectangular inter- 
sections, while on an octahedral face the cube plates would give 
intersections parallel to the octahedral edges. 

Figure 8 shows of original size a section of the well-known 
La Caille meteorite, cut parallel to an assumed cube face, the 
direction being determined by external well-developed octahe- 
dral faces. Here the rectangular intersections a c and c d 
result from octahedral plates intersecting the cube face, but 
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there are also diagonals of this rectangle. The plate ab and 
those parallel to it make an angle of 45° with cd, and when 
traced on to an adjacent face, cut at right angles to the one 

8, in the figure, they follow the direction 
of a dodecahedral plane, and on the 
under side of the specimen there ap- 
peared a large natural face, an inch 
in diameter, exactly parallel to this 
same plate. This face measured, as 
shown by an application goniometer, 
145°, with an adjacent octahedral face, 
showing that it was the face of a dode- 
cahedron truncating the octahedral 
edge; and when etched neither of 
these faces showed any Widmanstit- 
tian figures, but only a mottled ap- 

NG pearance, as is usually the case with 
e ." 4 2 surface consisting of a single plate. 

Le Calle The other oblique lines in the direc- 

/ tion c e make an angle of 66° 19’ with 

ed and are plates of the twin octahedron corresponding to 
the twin cube before mentioned. 

Figure 9 shows, of original size, two sections of the Robert- 
son County iron. The left-hand half of the figure is parallel 
to the octahedral face, while the right-hand half is a face at 
right angles to the first, and in the upper left-hand corner is 
shown an octahedral cleavage. Here most of the plates are 
octahedral, and are at once recognized, but the plates marked 
b and also the irregular cloudy-looking masses bisect the octa- 
hedral angle, and these follow a dodecahedral direction while 
the plates marked a on the octahedral face are parallel to a 
lateral edge, and, on following the plates on to the face at right 
angles to the first, it will be seen that they continue to be par- 
allel to the lateral edge. Hence they cannot be octahedral 
plates, and, since they are parallel to a principal section of the 
octahedron, they must be cubic. In order to see whether the 
Robertson County iron was an unusual case of cubic plates, 
other well-marked Widmanstittian irons were examined, and 
in the same way the cube was found, together with the dode- 
cahedron, in the De Kalb iron before mentioned, and also in 
the Obenkirchen or Oldenburg iron. Undoubtedly, many 
other examples could be found, provided the proper faces 
could be distinguished and etched. 

Thus it is evident that, in the first place, there is a regular 
unbroken gradation between the coarsest Widmanstittian fig- 
ures and the finest Neumann lines; so that, beginning with the 
Nelson Co. iron, we can arrange a series consisting of the irons 
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of Wichita Co., Glorieta, Red River, Robertson Co., Dickson 
Co., Oldham Co., Jewell Hill, Obernkirchen, Tazewell, Butler, 
Walker Co., Coahuila, and Hauptmannsdorf, presenting regu- 
lar gradations in which there is no gap at which a definite line 
of demarcation can be drawn. 


Robertson County. 


Moreover, there is no difference in crystalline form even so 
slight as that between the three fundamentai forms of the iso- 
metric system. For, as has been shown, the coarsest Widman- 
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stittian figures as well as the finest Neumann lines are inter- 
sections of planes of crystalline structure, which may be 
= to faces of the octahedron, the dodecahedron, or the 
cube. 

Of course it is not maintained that there is not a marked 
distinction between characteristic Widmanstattian figures show- 
ing all the features of the three kinds of iron, and typical 
Neumann lines as exhibited by the Hauptmannsdorf meteorite, 
but only that both are an outgrowth as it were of the same 
type of crystallization. 

he Germans strongly insist on the divisions of the trias of 
Reichenbach, and describe the features of kamacite, teenite and 
plessite as if they were essentially different substances, instead 
of merely different conditions of a nickeliferous iron; and the 
only evidence we have that there is any material difference of 
composition is based on an analysis cited by Reichenbach* of 
the so-called teonite plates, which he had mechanically sepa- 
rated from the Cosby Creek iron, and which were found to con- 
tain 13°8 per cent. of nickel, while the mass as a whole only 
contained 9°8; and, on this ground, it is assumed that kama- 
cite consists of a purer iron. As stated above, Dr. Lawrence 
Smith found in plates obtained from the Sevier County iron, 
which is closely allied, if not identical, with the Cosby Creek, 
27 per cent of nickel. This supposition would harmonize with 
our idea of the manner in which crystallization takes place. 
For though a substance in crystallizing may include foreign 
substances, still crystallization is a purifying process. Hence, 
as the molten metal cooled, there would be a tendency for the 
ure iron to crystallize first, thus forcing back, as it were, a 
ess pure material, which would solidify. subsequently; and 
the natural alternation of such stages, during a very slow pro- 
cess of crystallization, would result in a succession of plates of 
comparatively pure metal interlaminated with a richer nickel- 
iron alloy. 

This theory is strongly supported by the structure of the 
Pallasites, where the iron occurs surrounding masses of olivine. 
Here, as Reichenbach has so beautifully shown,t+ the silicate 
grains are first surrounded by a deposit of kamacite, and the 
trias does not appear till this layer of the purer iron has been 
deposited. 

oreover, Tschermak has shown,t in regard to artificial 
irons, that pure iron tends toward a cubic crystallization with 
markings similar to the Hauptmannsdorf meteorite, while im- 
pure iron, like cast-iron, frequently shows imperfect octahe- 
drons and a scaly structure, not unlike that of many meteorites, 
and this becomes very striking in the so-called spiegeleisen. 


* Poggendorff’s Annalen, cxiv, 258. + Ibid., p. 99. 
$ Akademie der Wissenschaften, Wien, II, Ixx, 447. 
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We know very little as yet of the causes which determine 
the crystallization of substances with an isometric structure in 
one or another of the three fundamental forms, but we do 
know that constantly the presence of some foreign material in 
the crystallizing menstruum produces a marked influence on 
the result. Thus, common salt, which usually crystallizes in 
cubes, crystallizes in octahedrons from solutions containing 
urea. Then again, galena may crystallize under unknown con- 
ditions in all three of the fundamental forms. Indeed, the 
crystallization of galena presents a striking analogy to that of 
iron as it appears in meteorites. It was shown many years 
ago, by Professor Cooke,* that galena, like the iron, may be 
cleaved parallel to faces of all three fundamental forms. 
Usually the cubic cleavage is the most pronounced ; but in the 
remarkable variety from Lebanon County, Pennsylvania, the 
octahedral cleavage is the more eminent, although both the 
cubic and dodecahedral can also be easily obtained. 

In connection with this, it is interesting to note that, on pol- 
ishing and etchiug octahedral, dodecahedral, and cubic faces on 
crystals of galena, lines were developed precisely similar in 
character and position to the Neumann lines. Now it is to be 
remarked that on the cube faces of the Hauptmannsdorf iron, 
which Reichenbach regards as consisting of kamacite only,— 
that is, the purest form of iron,—we have a prevailing cubic 
structure, as indicated by the so-called Neumann lines. But 
in proportion as the iron in the process of crystallization has 
excluded foreign material, as shown by inclusions such as 
graphite, sulphide of iron (troilite), phosphide of iron (schreib- 
ersite) and the like, the octahedral form prevails. 

It is further to be noticed in this connection, that on the sec- 
tions of kamacite plates in characteristic octahedral irons fine 
lines appear called ‘“ Schraffirung” by the Germans, which are 
evidently identical with the Neumann lines, and these follow 
the direction of the prevailing crystalline form. Hence, on 
this view, the coarser structure which gives rise to the Wid- 
manstiattian figures with the well-marked trias of Reichenbach 
is connected with the exclusion of incompatible material in 
the process of crystallization, while the more uniform structure 
of the so-called cubic meteorites, marked by the Neumann 
lines, depends on the circumstance that the material was sus- 
ceptible of crystallization asa whole. It is by no means nec- 
essary that, to fulfill this condition, the material should be pure 
iron. It may be an alloy capable of crystallizing in mass, as is 
the case with many crystalline alloys. 

We conclude, then, that the crystalline structure of the 
coarsest octahedral irons is not more definite than that of the 


* This Journal, II, vol. xxxv, p. 127. 
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cubic irons; but in the first case the process of crystallization 
determines the eliminaticn of the various materials which form 
the Widmanstattian plates, while in the second case no such 
elimination takes place, and between these extremes there is 
every gradation. The element of time may also be an import- 
ant, and perhaps the chief, condition in determining the result, 
for we should naturally expect that, during a very slow crys- 
tallization, foreign material would be more completely elimi- 
nated than during a process which was comparatively rapid. 
That the crystalline structure is equally definite in both cases, 
is shown by the fact that cleavage forms may be developed 
with equal readiness in either class of irons. 

Though there are no very definite data in regard to the erys- 
tallization of nickeliferous alloys, yet it has been suggested 
that the presence of nickel in the meteoric iron might deter- 
mine its crystallization. It has been thought that between cer- 
tain limits in the per centage of nickel present octahedral struct- 
ure might result, while with a different amount of nickel the 
erystallization would be cubic. With an idea of deciding this 
point if possible, the analyses of eighty meteoric irons, as given 
in various scientific journals, were tabulated according to their 
per cent of nickel, and at the same time the size and character 
of the figures produced by etching were noted. Unfortunately, 
these results appeared so discordant that no trustworthy con- 
clusion could be drawn from them, for it was frequently the 
case that the composition of the same meteorite as given by 
equally competent analysis differed by several per cent. Thus 
the per centage of nickel in the Babb's Mill meteorite has been 
variously stated as 14°7,17°1, 4-7 and 12-4, and yet this appears 
to be a perfectly homogeneous iron. 

Dr. Flight of the British Museum has made the remark, that 
Widmanstiittian figures seldom appear in irons containing more 
than nine per cent of nickel, and it appears to be true that 
most of the irons giving well-marked Widmanstittian figures 
contain from five to nine per cent of nickel, though they vary 
all the way from 8°12 to 17°37 per cent. On the other hand, 
the irons giving well-marked Neumann lines contain generally 
only five or six per cent of nickel, but the data at present are 
insufficient to afford any basis for generalization. 

Moreover, it is by no means as yet established that the 
amount of nickel present is the cause which determines the 
difference of feature in the crystallization of meteoric irons, 
nor should we be led to infer that such would be the case from 
the behavior of alloys of metals so closely allied as nickel and 
iron. It is certainly quite as probable that the effect may be 
due to some other impurity,—for example, to the presence of 
phosphorus, which is known to produce such marked effects on 
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the physical properties of iron. According to the analysis of 
Reichenbach already cited, the tznite plates of the Cosby 
Creek meteorite contain 0295 per cent of phosphorus, while 
the mass only contains 0-089 per cent, and it is well known 
that schreibersite, which is a phosphuret of iron containing 
fourteen per cent of phosphorus, constantly appears on sections 
of meteoric iron, in lines along the bands of kamacite. But 
our knowledge of the amount of phosphorus in the different 
meteorites is even less complete than our knowledge of the per 
cent of nickel. We do not know, in regard to any of the im- 
purities, either the average amount in any considerable portion 
of the meteoric mass, or to what extent the amount varies in 
different portions of the same mass. The most we know, in 
any case, is the composition of one or more fragments selected 
for analysis, and, as we have shown, even these data are so dis- 
cordant as to be wholly untrustworthy. It is impossible to 
infer with certainty from the descriptions whether the disagree- 
ment arises from faulty methods of analysis, or from actual 
difference of composition in the fragments selected; and no 
satisfactory conclusions can be reached in regard to the influ- 
ence of impurities on the crystalline structure, until an ex- 
tended series of systematic analyses has been made of the iron 
meteorites, by processes which have been well considered, and 
the limits of whose accuracy have been carefully determined. 
In such a chemical investigation, regard should be paid to the 
probable variation in composition of different parts of the mass. 
This is a subject to which we hope to return at a future time. 

The action of the process of crystallization in eliminating 
impurities produces effects with many minerals not unlike 
those of the Widmanstiittian figures. Very striking exhibi- 
tions of such effects may be seen with the microscope in rock- 
sections containing crystals of leucite, nosean, nepheline and 
other minerals. Illustrations of these phenomena have been 
given in works on lithology, and it is only necessary to allude 
to them here, in order to make clear their analogy with the 
phenomena we are studying. But a far more striking illustra- 
tion of this similarity is shown by a large specimen of fluorite 
in the Harvard collection, which has been cut through a mass 
of compacted crystals. The polished surface imitates very 
closely the features of the Widmanstittian figures. There are 
distinct bands, marked by difference of color instead of differ- 
ence of luster, separated from the groundmass of the mineral 
by definite layers of less pure material. The bands are about 
the width of those in the Glorieta meteorite, and they all ap- 
pear alike, bordered in every case by the same layers of impuri- 
ties arranged in a definite order, and these bands, crossing at 
various angles, with a predominance of right angles, bear a 
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most striking resemblance to the Widmanstittian figures. Such 
examples as these indicate clearly that the Widmanstittian fig- 
ures are nota peculiar phenomenon, but that such an alterna- 
tion of plates is often a characteristic of crystalline structure, 
when the process of crystallization is attended by the elimina- 
tion of foreign material. 

There is another feature of the Widmanstittian figures 
which often appears, and which is best explained by the as- 
sumption that the process of crystallization was extremely 
slow. Figure 10 shows two faces of a very perfect octahedron, 
drawn of original size, from the Cranberry Plains (Poplar 
Camp) iron. It will be seen by this sketch that the octahedral 
outline has been sharply formed; but while many of the Wid- 

manstittian plates are parallel to this 

eeneee, Oltline, there are others which are 

4markedly curved. These curved 

eae plates must have originally formed 

through the liquid mass as true planes, 

like their neighbors, and have been 

bent in the subsequent solidifying of 

the remaining material. For, if they 

Cranberry Plains. had been distorted. by an exterior 

force, the regularity of the octahedron would have been at the 
same time destroyed. 

This phenomenon of curved plates has been made a basis of 
subdivision in the classification of iron meteorites. But it is 
evident from the figure that the bending is not a constant or 
essential character, as the plates are not all curved, but only 
appear so at particular parts of the mass, and some specimens 
show no trace of such afeature. In a word, such curved plates 
are simply accidents of the crystallization. Very similar bend- 
ing is common in various minerals, as in gypsum, and very 
conspicuously in the beautiful crystals of stibnite which within 
the few last years have been brought from Japan. 

A similar remark might be made in regard to the swellings 
formed in the kamacite plates around inclusions of troilite, 
schreibersite, and the like, which have been so minutely de- 
scribed by Reichenbach, and named by him “ Wiilsteisen.’’* 
These again are accidents of crystallization, which have their 
counterpart in other crystals, and are most beautifully shown 
on the plates of mica from Chandler’s Hollow, Delaware, 
where the depositions of magnetic oxide of iron on the planes 
of the crystalline growth of the mica produce effects which 
imitate in a most striking manner the Widmanstattian figures. 

We give in fig. 11 as perfect a representation of one of these 
mica plates as could be obtained by the photographic process 


* Poggendorff’s Annalen, 1861, cxiv, 477. 
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used in illustrating this paper, and it will be seen that the re- 
semblance is very close. The analogy here is far more than 
superficial, and shows, as we conceive, the mode of action by 
which the Widmanstattian figures were produced. This will 
be evident if it is borne in mind that the figures on the mica 
plate are also sections of planes of crystalline growth on which 
the particles of oxide of iron eliminated during the process 
were deposited. Of course, the mere resemblance in the out- 
line of the two sets of figures is accidental, and arises from the 
circumstance that the planes of crystalline growth of musco- 
vite mica are parallel to a rhombic prism of sixty and one hun- 
dred and twenty degree angles, the right section of such a 
prism being similar to the section of a regular octahedron par- 
allel to one of its faces. 


Mica.—Chandler’s Hollow, Delaware. 


The conditions of the plessite which fills the cavities between 
the crystalline plates of iron meteorites also present features 
which are especially characteristic of the crystallization of 
alloys. Sometimes the space is packed with small crystalline 
plates parallel to those of the external form, the combs already 
mentioned, shown in fig. 1. Again the material is granular, as 
shown at a, b and ¢, fig. 2, or again divided into polygonal 
masses as shown in the same figure. Similar features in the 
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alloys of zinc and antimony have been described by Professor 
Cooke,* and in the alloys of copper and zinc by Prof. F. H. 
Storer.t They correspond to that pasty condition so well 
known to plumbers and workers in alloys. We here refer 
only to the conditions of the plessite; but at times we also 
find the whole meteoric mass divided up by small cracks, and 
thus rendered so friable that it can readily be broken into 
coarse polygonal grains with a hammer. Such a disintegration 
must have been a mechahical one, affecting the whole mass sub- 
sequent to its solidification. It is similar to the well-known 
effects produced on iron by long-continued jarring, and may 
have been the result of the violent concussions which are 
known to be caused by the passage of the meteorite through 
the air. We have recently had the opportunity of examining 
a specimen of aluminium bronze sent to the Laboratory of 
Harvard College by Professor C. F. Mabery of Cleveland, Ohio, 
which most strikingly illustrates the effect here described. The 
bronze, consisting of 90 per cent copper and 10 per cent 
aluminium, had been cast into a bar and reheated for forging. 
When the heated bar was laid on an anvil and struck with a 
hammer, it broke up into small polygonal grains, just like 
those of the Cosby’s Creek and Seelasgen meteorites. 

Such products as have been described all point to a very 
slow cooling of the molten metal out of which the crystals 
came, and this is the opinion held by the best observers in re- 
gard to this process. Thus Mr. Sorby writes: ‘These facts 
clearly indicate that the Widmanstitt’s figuring is the result of 
such a complete separation of the constituents, and perfect 
crystallization, as can occur only when the process takes place 
slowly and gradually. They appear to me to show that mete- 
oric iron was kept for a long time at a heat just below the 
point of fusion, and that we should be by no means justified in 
concluding that it was not previously melted. Similar princi: 
oa are applicable in the case of the iron masses found in 

isco; and it by no means follows that they are meteoric, be. 
cause they show the Widmanstatt’s figuring. Difference in the 
rate of cooling would serve very well to explain the difference 
in the structure of some meteoric irons, which do not differ in 
chemical composition ; but as far as the general structure is 
concerned, I think that we are quite at liberty to conclude that 
all may have been melted, if this will better explain other 
phenomena.”{ Similar opinions have been expressed by 
T'schermak and Haidinger. 

We have tried in this paper to establish the following 
points :-— 


* Memoirs of the American Academy, New Series, vol. v, pp. 336-371. 
+ Ibid., vol. viii, pp. 27-56. t Nature, 1877, vol. xv, p. 498. 
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First. That many of the masses of meteoric iron in our col- 
lections are cleavage crystals, broken off probably by the im- 
pact of the mass against the atmosphere. 

Secondly. That these masses show cleavages parallel to the 
planes of all the three fundamental forms of the isometric or 
recular system, namely, the octahedron, the cube, and the do- 
decahedron. 

Thirdly. That the Widmanstittian figures and Neumann 
lines are sections of planes of crystalline growth parallel to the 
same three fundamental forms of the isometric system. 

Fourthly. That on different sections of meteorites Widman- 
stittian figures and Neumann lines can be exhibited in every 
gradation, from the broadest bands to the finest markings, with 
no break where a natural line of division can be drawn. 

Fifthly. That the features of the Widmanstattian figures are 
due to the eliminations of incompatible material during the 
process of crystallization. 

This investigation throws no new light upon the origin of 
meteorites; except so far as it strengthens the opinion that the 
process of crystallization must have been extremely slow. The 
occurrence of large masses of native iron occluding hydrogen 
gas, and containing nickel, cobalt, phosphorus, sulphur, ete., 
implies a combination of conditions which the spectroscope in- 
dicates as actually realized in our own sun and in other suns 
among the fixed stars, and the most probable theory seems to 
be that these masses were thrown off from such a sun, and that 
they very slowly cooled, while revolving in a zone of intense 
heat 

In this paper we have not taken into consideration a number 
of iron masses, whose meteoric origin has been generally ac- 
cepted, which show no Widmanstittian figures and not even 
any Neumann lines. A considerable proportion of these are 
certainly not meteoric. In the Harvard cabinet there are two 
specimens, labelled respectively Campbell County, Tennessee, 
and Hominy Creek, North Carolina, which are evidently noth- 
ing but cast-iron, and a third, labelled Tarapaca Hemalga, 
Chili, which is probably of similar material. We could find 
on the specimens of this class in the Harvard collection no dis- 
tinct evidences of crystallization; but also we could find no 
features incompatible with that unity of structure which it has 
been the chief object of this paper to illustrate. 
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ArT. XXXIV.—A new Meteoric Iron from Texas; by Wo. 
EARL HIppeEn. 


THE mass of meteoric iron described in this paper was dis- 
covered by Mr. C. C. Cusick, U. S. A., while he was stationed 
at Fort Duncan, Texas. He writes me a full account of the 
—" of the discovery, and I here give an abstract of his 
etter. 


The Maverick County, Texas, Meteoric Iron. 
Weight ninety-seven pounds. 
(ONE-THIRD NATURAL SIZE.) 


“On the morning of June 10, 1882, being stationed at Fort 
Duncan, Maverick County, Texas (a military post situated on the 
left bank of the Rio Grande River), I was returning to the garri- 
son from a short trip in the vicinity, when I casually noticed a 
round looking boulder that seemed to have a metallic appearance. 
I examined it more closely and found it in truth to be a metallic 
body and worthy of careful preservation. I early arrived at the 
conclusion that it was of meteoric origin as it possessed seem- 
ingly all the necessary characteristics of such bodies. I had it 
brought to the fort by one of the privates (Brand), who found 
the task not an easy one. It was kept at Fort Duncan until I 
moved to Fort Lyon, Bent Co., Colorado, where I am now sta- 
tioned, and where this curiosity was for a long time on exhibition. 
It was on the land of a Mr. Wieste, on an ancient terrace on the 
American side of the river, near the fort, that I found this iron, 
and I would add, that he kindly presented the mass to me. I 
cannot learn anything as to the time of its fall, or its history, 
other than I have above given you.” 
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The writer received this meteorite in April of this year, 
direct from Mr. Cusick, having learned of its existence through 
the press. In size and weight it approaches very nearly that of 
Independence County, Ark., lately described; but differs from 
that iron very materially. It weighs ninety-seven and one- 
quarter pounds, and measures twelve by ten by six inches in 
its three diameters. Its shape is a nearly symmetrical ovoid, 
somewhat flattened, as shown in figure 1, which is one-third 
natural size. The surface is quite smooth and coated with the 
usual thin black crust characteristic of meteorites. Excepting 
where the mass has been rubbed the crust is uniform in thick- 
ness all over the mass and shows a slightly indented and blis- 
tered surface. The side which lay close to the ground (fig. 2) 
bears the only evidence of oxida- 
tion—-a few rusty patches being 
seen there. This side—which I 
will call the under side—differs 
somewhat from the rest of the mass, 
in being more pitted and _blis- 
tered. ‘Two large depressions and 
three deep indentations are also 
noticed, in strong contrast with the 
smooth surface of the upper side. a 
A few patches of calcium carbonate * 
were also noticed adhering to the 
under side, but this must have been 
of terrestrial origin. 

Upon etching a small surface, a 
peculiar appearance, unlike any- 
thing the writer has seen in mete- Maverick Co., Texas, Meteoric Iron 

a (ONE-SIXTH SIZE.) 
oric irons, presents itself to view. 

No Widmanstittian figures are present except in traces and even 
these are very dim. The particular markings to which I call 
attention are two series of tine lines, looking much like rulings, 
that cross each other at angles of 70° and 110°. These lines 
appear very bright when viewed in certain lights. As no 
troilite nor sehreibersite shows itself as the cause of these stria- 
tions, I conclude they are due to twinning lamelle. I have 
found that if the surface is etched deeply, these lines (striations) 
disappear, and a new set of markings appear. ‘These markings 
are composed of minute lamellz of schreibersite arranged in 
short lines diverging at all angles, and have much the appear- 
ance, when magnified, of the quartz in graphic granite. Toa 
hasty observer this iron would appear only slightly mottled 
when etched, and indeed it is necessary to magnify its surface 
five or more diameters before its interesting features can be 
appreciated. In figure 3 an effort is made to illustrate, by 
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the photo-engraving process, the result from etching this iron, but 
it only partly succeeds in its object. 
This plate is three times natural size. 
The white lines with arrows indi- 
cate the directions of the fine lines 
which covered the whole surface of 
the iron previous to the last etching. 

On a surface, five inches long (bot- 
tom of figure 2), which was smoothed 
and polished nearly four years ago, a 
small nodule of troilite was noticed, 
and two small fissures filled with 
graphitic carbon. This surface showed 
the metal to be of unusual whiteness ; 
more like the luster of mercury than 
any iron the writer has seen. The 
iron is quite soft, being easily cut with a knife. Sp. grav., 
7522. The composition, as shown by Mr. J. B. Mackintosh, 
EK. M., in an analysis just completed, is: Iron 94:90 per cent, 
phosphorus 0°23 per cent, nickel and cobalt (by difference) 
4°87 per cent=100-00 per cent, sulphur and carbon in traces. 

This iron, which will henceforth be known under the name 
of the Maverick County Meteorite, was found more than one hun- 
dred miles in a due east direction from the famous Butcher 
Irons from Coahuila* and that from the Sancha estate,+ Mexico; 
both described by Smith. But the density and composition of 
these last two irons show marked differences from that of Mav- 
erick County, Texas. ‘The Sancha iron had a density of 7:81 
and presented the figures of Widmanstitt similar to that of the 
Braunau iron” (Smith). The smooth surface and regular form 
of this iron from Maverick County would also preclude its 
being a part of another fall, as it seems to be complete in itself. 

The representation which Brezina givest of the iron from 
Hex River Mountains (South Africa) resembles in its crystal- 
line structure and inclusions the iron here described, in a 
marked degree. It is also near to, if not similar with, the class 
of meteoric irons, to which belong those from Auburn, Ala.,§ 
and Davidson County, N.C. This is the fourth mass of mete- 
oric iron discovered in Texas. The others being known as the 
Gibbs or Red River,4 the Denton County,** and the Wichita 
Countytt irons 


Newark, N. J., June 12, 1886. 


w 


Structure of Maverick Co. Iron. 


* This Journal, vol. xlvii, p. 383-385. + Ibid, vol. xix, p. 151-323. 

¢ Die Meteoritensammlung des k. k. mineralogischen Hof-kabinets in Wien am 
1. Mai, 1885. Tafel 3, fig. 5. § Ibid, vol. xlvii, p. 230. 

| Ibid, III, vol. xx, p. 324. { Ibid, I, vol. viii, p. 218. 


*4 Trans. St. Louis Acad. Sci., 1857-60, vol. i, p. 623. 
++ Ibid, p. 622, aud this Journal, IIT, vol. xxviii, p. 285. 
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Art. XXXV.—On Pseudomorphs of Garnet from Lake Superior 
and Salida, Colorado; by S. L. PENFIELD and F. L. Sperry. 


1. Garnets from Lake Superior. 


THE decomposed garnets from the Lake Superior region form 
quite common specimens in the mineralogical collections of this 
country. <A description and microscopical examination of these 
garnet crystals have been made. by Mr. Raphael Pumpelly.* 
According to Mr. Pumpelly, ‘these pseudomorphs of garnets 
occur in abundance in a bed of chloritic schist just overlying 
the great magnetite bed of the Spurr-Michigamme iron range.” 
He calls the decomposition product, and also the material in 
which the crystals are imbedded, chlorite. But he gives no 
analyses to indicate its relations to the garnet. 

Our examination of these pseudomorph garnets was made 
on crystals from a suite in the mineralogical collection of Pro- 
fessor Geo. J. Brush, to whom we take great pleasure in expres- 
sing our thanks for the material kindly placed at our disposal. 
The crystals are invariably dodecahedral. Many of them show 
interesting distorted forms. We first took the specific gravity 
of twenty of the best crystals, which were found to vary between 
4:11 and 3°22. As would be expected, a close examination 
proved the heaviest crystals to be nearly pure garnet, while the 
lightest ones were almost wholly the decomposition product. 
This wide variation in specific gravity not only indicates the 
unequal extent to which the decomposition has gone on, but 
also guided us in selecting material for analysis. 

In order to study the decomposition of the garnet, an analysis 
of the pure garnet was made. The material was taken from 
partially decomposed imbedded crystals. The heavier garnet 
was obtained, nearly pure, by means of the cadmium-boro- 
tungstate solution. An examination with the microscope 
revealed some of the green decomposition-product still adher- 
ing to and penetrating the garnet. The heavy powder, 
thus separated, was boiled with sulphuric and hydrochloric 
acids to decompose the chlorite and then with caustic potash to 
dissolve any separated silica. The garnet obtained had a light 
pink color and ——— to be very pure on examination with 
the microscope. The analysis is given below under I. It will 
be seen that it is essentially an iron alumina garnet, having 
this formula—Fe,A1,Si,0O,,, part of the iron being replaced 
by Ca, Mg and Mn. The ratio of SiO,: Al,O,: RO is 3: °96: 
2°87; required, 3:1:3. 


* This Journal, ITI, x, 17. 
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The analysis of the decomposition product was made from a 
selected fragmentary crystal having a specific gravity of 3-281. 
It was part of a large dodecahedron. Along the fracture it 
showed numerous little octahedrons of magnetite and a foliated 
structure of the chloritic material. A microscopical examina- 
tion revealed the presence of a very little unaltered garnet. A 
mechanical analysis showed that there were 3:23 per cent of 
unaltered garnet and 3°28 per cent of magnetite in this decom- 
posed sede. The magnetite was carefully extracted with a 
strong magnet, and the garnet was obtained by a process simi- 
lar to that mentioned above in the preparation of the pure 
garnet. The analysis is given below under II after deducting 
323 per cent of garnet. A second a crystal having 
a specific gravity of 3:22 was also analyzed. The material was 
obtained by powdering the crystal and sifting through a sixty- 
mesh sieve. The material was then suspended in water. The 
garnet was allowed to settle out and the light chlorite scales 
decanted off and collected in a platinum dish. The material 
was obtained in a nearly pure state. The analysis is given 
under III after deducting *46 per cent of garnet. 


Analyses of garnet and decomposition product from Lake 


Superior. 
II. III, 
r A 

Garnet. Decomposition products. 
SiO, = 38°03 percent. 27°45 percent. 29°08 per cent. 
Al,O, = 20°83 19°53 19°94 
Fe,0O, = ---- 6°26 391 
FeO = 36°15 29°42 30°48 
MnO = 2°14 20 
MgO = 6°04 5°56 
CaO = 2°73 25 
Na,O = ...- *42 29 
K,0 = .... 2°64 3°66 
H,O = .... 7°50 6°53 

100°85 99°26 99°90 


No. II had specific gravity of 3:21, calculating it free from 
garnet and magnetite. 

On comparing the above analyses, it will be seen that the 
following changes have taken place in the garnet: a slight 
oxidation of the iron, a decrease of nearly 10 per cent in silica, 
an almost total disappearance of manganese and calcium, and 
an increase in magnesium, alkalies and water. With the 
exception of the silica and water the change has not been very 
great. As regards the nature of the decomposition product, 


f 
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it is not an ordinary magnesium chlorite, such as ripidolite or 
penninite, but is essentially a ferrous chlorite, closely related to 
prochlorite, or more nearly to Sandberger’s aphrosiderite. We 
find by calculating the ratios of analyses II and III that the 
elements are united in the following proportions: 


SiO, :R,O,: RO: H,0 
4 3: 1°97 3 5°113 3°49 
TII= 4 3: 1°80 5:06: 3:00 or nearly 
432 33 


Groth* gives the ratio of aphrosiderite as 


SiO, : R,O, : Ro: 
43: 2 3:63 & 


But analyses from different localities vary to quite a large 
extent, and Sandberger’s analysis shows less water than is 
required by Groth’s formula. A little admixture of ripidolite 
having a ratio of 4:2::6°66:6+ would materially alter the 
proportion of RO: H,O in aphrosiderite, and a little admixture 
of free silica would account for the excess of SiO,. It is not 
probable that the potash belongs to muscovite, which is 
mechanically mixed with the aphrosiderite. In the first place, 
a microscopical examination reveals no muscovite, and secondly, 
by calculating out 22 per cent of muscovite, the amount 
required by the potash in analysis II and 31 per cent in analysis 
it, the elements left would be too low in sesquioxides and 
very much too high in protoxides to be referred to any known 
species of chlorite. 

The matriz.—The material in which the garnets are imbedded 
appears to be very homogeneous, when examined in thin sec- 
tions under the microscope, appearing as a mass of minute, 
pleochroic green scales in which an occasional grain of 
magnetite is imbedded. An analysis shows that it is also a 
ferrous chlorite differing from the alteration product of the 
garnet and agreeing closely with thuringite. Theanalysis gave: 


I. II. Mean. Mol. ratio. 
= 22°45 percent, 22°26 percent. 22°35 per cent. = -3725 3 
Al,O, = 25°23 25°05 25°14 = 244 =1908 2 
FeQ = 34°34 34°43 34 39 == 447 
MnO = trace =6515 
MgO = 631 651 6-41 = 161 | 
H,O = 11°25 11°25 11°25 = 625 =5°04 5 
99°58 99°50 99°54 


The ratio SiO, : Al,O,: RO: H,O=8 :2:5:5 does not quite 
agree with Rammelsberg’s ratio for thuringite,3:2:4:4, but 


* Tabellarische Uebersicht der Mineralien. Zweite Auflage, 1882. 
+ Taken in this form for easier comparison. 
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the ratios are sufficiently close to justify us in referring the 
material to that species. 

It should be stated that all these analyses were made in 
duplicate from carefully selected air-dried material, none of 
which lost more than 0°10 per cent at 100°C. Fe,O, was 
determined in every case when present. Although these analy- 
_ses do not indicate well-defined species, they show clearly what 
changes the garnet has undergone. The microscopical exami- 
nation did not reveal anything not noticed by Mr. Pumpelly in 
his article already referred to. 


2. Decomposed garnets from Colorado. 


We have also examined the pseudomorph garnets from 
Salida, Chaffee Co., Colorado. The garnets were large dode- 
cahedrons coated with chlorite. They differ from the Lake 
Superior garnets in that the decomposition forms only a coating, 
while the interior of the garnet crystal is quite homogeneous. 
One large crystal, 7™ in diameter, is in the collection of Pro- 
fessor Geo. J. Brush. We are indebted to Mr. Whitman 
Cross of the U.S. Geological Survey for information concern- 
ing the correct locality in which these specimens occur, and 
to Mr. L. G. Eakins for the material which he kindly pro- 
cured for us from a mineral dealer in Colorado. The mate- 
rial was obtained by scraping off the thin coating of chlorite, 
which was readily removed from the hard garnet. The analyses 
of this material are given below. 


Garnet. Decomposition product 


after deducting 1°04 per cent 
Specific gravity 4°163. of garnet. 


= 37°61 per cent. 28°20 per cent. 
= 22°70 22°31 
19°11 
17°68 
48 
“72 

1°03 

10°90 


100°31 100°43 


From the above analyses, it will be seen what changes have 
taken place here. It is essentially the same change that the 
Lake Superior garnet has undergone, with the exception that a 
greater quantity of magnesium has replaced the protoxide of 
iron. The ratios of the above analyses are: 


| 
| 
| 
Sid, 
Al,O, 
Fe,O, 
FeO 
MnO 
MgO 
CaO 
Na,O 
K,O 
H,O 
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SiO, : Al,O,:: RO: H,O 
Gata. ......-. = 3 1°05 2°88 
Decomp. product = 4 3; 1°84 6°25: 5°08 


The garnet ratios agree closely with the theoretical. The 
ratios of the alteration product agree closely with Groth’s for- 
mula for aphrosiderite. It is higher in protoxides and water 
than the Lake Superior specimens, but it may be the same 
compound mixed with ripidolite, which would account for this 
increase. No microscopic section of this decomposed product 
was made. Some of the larger scales showed, in convergent 
light, the dark cross and interference figure of a uniaxial crys- 
tal. The color of the aphrosiderite is light green, much lighter 
than that from the Lake Superior locality. 

The changes which have previously been noted in garnet 
differ from ours, in that they have been the alteration of pyrope 
(magnesia garnet) into ripidolite or serpentine-like magnesia 
silicates. 

Mineralogical Laboratory, Sheffield Scientific School, New Haven, May 18, 1886. 


Art. XXX VI.—Further notes on the Meteoric Iron from Glorieta 
Mt., New Mexico; by GEorGE F. Kunz. With Plates V to 
Vil.* 


S1IncE the publication of the article on the three masses of 
meteoric iron from Glorieta Mt.,t New Mexico, Mr. J. H. 
Bullock has very kindiy furnished me with the information 
wanting; it has been found impossible to communicate with 
Mr. Charles Sponsler. During the month of August, 1885, 
Mr. Bullock thoroughly examined and dug over the ground, 
working about six weeks steadily, and was rewarded by find- 
ing three more masses of the Glorieta meteorite (Nos. 4, 5, 6). 
In the meantime a Mexican had also found a small piece (mak- 
ing seven fragments thus far obtained), but it disappeared before 
Mr. Bullock could secure it. Mr. Bullock states that the pieces 
found by Mr. Sponsler were discovered while he was prospect- 
ing during the month of August, 1884, on the ranch of Mrs. 
Roival, near Canoncito, Sante Fe Co., N. M., five miles from 
the summit of Glorieta Mt. 

No. 4 weighs 1:204 kilos (2°65 lbs.). One-third of the sur- 
face shows the disruption, as in No. 2, the other parts being 
unaffected and showing the crust surface. The broken surface 
is partially drawn out toward the part that was torn off from it, 


* By a mistake of the binder, plate VII was inserted in the September number. 
+ This Journal, III, xxx, 235, 


Am. Jour. Sct.—Tutrp Series, Vou. XXXII, No. 190.—OcrToser, 1886, 
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and one edge shows a fracture suggesting cleavage. The mass 
is 50™ high, 125"™ long and 50™™. wide, or about 2x5x2 
inches. One of the pittings, which has been increased in size 
by the disruption, measures 60™™ in length, 25™ in width, and 
15™™ in breadth (see plates V and VI). 

No. 5 weighs 1°126 (2°48 lbs.), measures 100™™ in length, 75™™ 
in width and 48™™ in height, about 4X3X2 inches. Five- 
sixths of the entire surface bears marks of the violent disrup- 
tion ; the mass was undoubtedly broken from the upper corner 
between Nos. 1 and 3. A raised octahedral structure, resem- 
bling a coarse network, is revealed on two-thirds of its surface, 
and the pitted side shows evidence of having received a part of 
the blow (see plates V and VI). 

No. 6 weighs 1°05 kilos., measures 125" in length, 82™™ in 
width and 45™ in thickness at the thickest part. It is quite 
flat, the fracture having left a surface so flat as to be suggestive 
of a cleavage. Altogether this mass closely resembles No. 4 
(see plates V and VI). 

The 14834 lb. (No. 1) piece was found only eight feet from 
the 115 lb. (No. 2) and 534 1b. (No. 3) pieces, while the small 
pieces picked up by Bullock and the Mexican were 45 or 50 
feet from the large mass, being hurled farther on account of 
their lightness. The fact that the pieces lay so near together 
proves conclusively that the meteorite did not burst in mid air, 
The pieces were all imbedded in the vegetable mould which 
covered the rock at that place, the largest piece to the depth of 
ten inches. 

Nearly the whole of the large mass (No. 1) has been cut into 
slices. The iron is seen to be very homogeneous throughout 
with the exception of an occasional space measuring 1™™ to 
4™™ across. One of these spaces near the center of the mass 
was evidently formed by the shock of disruption. In a few 
instances this explanation is verified by a palpable curving of 
the Widmanstattian figures, showing that nearly every part of 
the thick mass was twisted and wrenched, when it burst 
asunder with such tremendous force. The ruptured surface on 
Nos. 1 and 3 shows large patches of troilite. In cutting No. 1 
large streaks of this mineral and also some schreibersite were 
observed. The largest of these lines of troilite was 10™ long 
and 4™™ wide. Two of the streaks, 10™ apart, ran parallel to 
each other in peculiar crescent-like formations. Olivine was 
observed at the upper end of No. 1, a surface about 10™ square 
being completely filled with it. The color in some instances 

was a rich brownish yellow, homogeneous throughout, and 
as compact as in the “ Pallas Iron.” The largest. grains ob- 
served measured from 8™™ to 14™. Some of these pieces 
yielded perfect transparent gems (peridots) over 4™™ in width 


| 
| 
| 
{ 
| 
| 
{ 
| 
| 
i! 
| 
| 


G. F. Kunz—NMeteoric Iron from New Mexico. 318 


The large plate (VII) is an exact reproduction of the largest 
section of mass No. 1. It was made after several experimental 
attempts by a new process devised by the writer (see A. A. A. 
S. Rep., 1886). The whole of the iron was sunk into wax, 
except the surface to be reproduced; this was dusted with 
graphite, and the copper thrown down on this, producing what 
is termed a negative electrotype; this, when the unevenness is 
removed, prints an exact facsimile of the Widmanstiittian 
figures, more accurately and at only one-sixth to one-eighth the 
cost of any other process. This is the largest etched surface 
that has ever been faithfully reproduced. 

I was kindly informed by Dr. Whitman Cross, of Denver, 
Col., that on Oct. 6, 1884, a meteorite was presented to the Col- 
orado Scientific Society with descriptive remarks by Mr. 
Richard Pearce of the Boston and Colorado Silver Mining Co. 
It was sent to the company from Albuquerque, N. M., as silver 
bullion,—and could not be traced further back,—although it 
was probably found in the vicinity of the place from which it 
was forwarded. Its weight before cutting was about 2°5 kilo- 
grams, and its dimensions were 48 X80100™. A short paper 
upon this meteorite was read before the Colorado Scientific 
Society on June 1, 1885, by Mr. L. G. Eakins of the Geolog- 
ical Survey, This paper contains an analysis of the iron, 
which is subjoined : 


This paper by Mr. Eakins appeared in the Proceedings of Col. 
Sci. Soc. for 1885 and these figures were kindly furnished by 
him. The striking similarity between this analysis and that of 
the Glorieta meteorite leads me to believe that this iron is the 
seventh fragment of the Glorieta meteorite, which was found 
by the Mexican, and that he mistook it for silver bullion and 
sold it as such. 


* Mean of 88°66, 88°77, 88°84. 
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Art. XXXVII.—On the Brookite from Magnet Cove, Arkansas ; 
by Epwarp 8S. Dana. With Plates VIII and IX. 


THE species brookite is interesting, among other respects, be- 
cause of the great variety of form exhibited by the crystals from 
the different localities at which it occurs. This fact is well 
exhibited in the figures on Plate XX XIX, of Schrauf’s Atlas. 
In this regard the crystals from Magnet Cove, Arkansas, are 
especially remarkable, for though the number of planes ob- 
served on them is not large, the variation in habit is most un- 
usual for crystals from a single locality. 

The brookite from Magnet Cove was first mentioned by 
Shepard * in 1846, who supposed it to be a new species and 
gave to it the name arkansite. In 1876 vom Ratht gave an 
interesting account of the paramorphs of rutile after brookite, 
which are not rare at this locality, and also figured several of 
the common forms. A few months since S. L. Penfield t pub- 
lished a paper upon the arkansite in which he gave figures of 
four forms, and also the results of measurements of a crystal of 
unusual perfection. It might seem perhaps as if these papers 
had exhausted the interest of the subject; and this may be 
true so far as the commonly occurring types of forms are con- 
cerned. Through the kindness of Mr. Clarence S. Bement of 
Philadelphia, the writer has had the opportunity of studying his 
large series of crystals of this species, aud the variety among 
them has been found to be so great that they have seemed 
worthy of special description, with also some fullness of illustra- 
tion. These crystals have been selected from time to time with 
great care from a large amount of material, and they represent 
the best specimens which the locality has afforded. Most of 
the crystals are isolated, the arkansite occurring chiefly in 
loose crystals scattered through the soil. 

The planes which have been determined on these crystals are 
as follows: 


Pinacoids, a (100, c (001, O); prisms, 7 (210, 7-2), m (110, I), ¢ (120, 7-3), 
new; brachydome, ¢ (021, 2-%); pyramids, z (112, 4), x (124, 4-3), @ (234, 2-9), 
e (122, 1-3). 

The crystals may be roughly divided into those of prismatic, 
and others of pyramidal habit. In the former, figures 1 to 12, 
with also figs. 14, 15, 16, 18, (Plates VIII, IX), the fundamen- 
tal prism, m, usually predominates; the forms vary much, how- 
ever, according to the pyramid by which they are terminated. 
Figure 1 is acommon form, occurring in crystals of relatively 


* Am. Journ. Sc., II, ii, 250, 1846. t Pogg. Ann., clviii, 407, 1876. 
¢ Am. Jour. Sc., III, xxxi, 387, 1886. 
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large size, sometimes 1 to 2 inches in length; here the pyramid 
z (112, 4) is alone present. This form, though so simple, is 
interesting because of the similarity it bears to a common form 
of rutile, the allied species, also TiO, in composition. This 
resemblance is apparent at once, as was remarked by vom Rath, 
and is in a measure borne out by the angles of the two species. 
In rutile the prism is one of 90° and the pyramid s (111, 1) isa 
tetragonal pyramid with a terminal angle of 56° 524’; in this 
related orthorhombic form the prismatic angle is 80° 10’ and 
99° 50’ and the pyramid z has terminal angles of 53° 48’ and 
44° 46’, calculated from the measurements by von Kokscharow 
on the usual assumption that the species is orthorhombic. It 
is interesting to note that this type of crystal is the one which 
most frequently shows the paramorphic change to rutile. 
Figure 4 represents a ferm much like that just alluded to but 
showing also the common brachy-pyramid e (122, 1-3) which by 
some authors is made the unit pyramid. Figures 2 and 3 show 
other crystals much smaller, and marked by the presence of the 
basal pinacoid. The crystals, represented in figures 5 to 8, 
were small, about 4 to $ inch in length, and of a rich reddish 
brown color, different from the common color of the crystals of 
the locality, which is deep black. The pyramid which predomi- 
nates here, sometimes to the obliteration of other terminal faces, 
is the obtuse brachy-pyramid y (124, 4-3) with terminal angles 
of 48° 54’=y y'” (124 134), and 28° 28’=y y’ (124,124). The 
planes z and y are often striated deeply, parallel to their mutual 
intersections, and the oscillatory combination of these planes 
is sometimes so marked that the termination appears to be made 
by two brachydomes. Figure 6 is a basal projection of a crys- 
tal near that shown in fig. 5, but having also the planes c and e. 

The crystal drawn in figs. 7 and 8 is interesting as showing 
the rare plane Q (234, 8.3) in the zones z, e and y,m. This 
plane has not been observed before at this locality, and has 
only been noted by Groth and Biicking* on a crystal from the 
Maderanerthal. Figure 16 shows another prismatic form with 
an acute termination formed by the dome ¢ and the pyramid 
e. Figures 14 and 15 represent a short prismatic form of un- 
usual complexity ; fig. 25 (after Penfield) is a basal projection 
of an allied form, but one in which the pyramid y is a narrow 
bevelment of the brachy-diagonal terminal edge of z, much as z 
bevels the macro-edge of e. 

Figures 11 and 12 represent a rare type of form in which 
with the unit prism we have aiso the prisms / (210, 7-2) and 
y (120, 7-3). This last plane is a new one for the species; it 
was determined by the measured angles: 

¢ 9’=120 120=62° 1’; 61° 26’ calculated (Kokscharow). 


* Mineralien-Sammlung, Strassburg, p. 110, 1878. 


316 £. 8. Dana—Brookite from Magnet Cove, Ark. 


In figures 9 and 10 a common type of crystal is represented 
in which the macro-prism / predominates. These crystals are 
often quite flat parallel to the macropinacoid from the oscilla- 
tory combination of the two prisms / and m, and the termina- 
tion is often formed by narrow faces of the pyramide. In fig. 
18 the prism 7 is alone and the appearance of the crystal 1s 
strongly in contrast to the stout nearly square prisms of figs. 
1, 2, ete. 

The remainder of the crystals figured are essentially pyram- 
idal in type. The most interesting of these is figure 17, in 
which the planes m and ¢ are “in equilibrium” and thus form 
a nearly regular hexagonal pyramid. This is one of the most 
common and striking types occurring at the locality; many of 
the crystals occurring implanted upon massive quartz have this 
habit. The front edge of the prism m is not infrequently trun- 
cated by the macropinacoid a, and sometimes the planes ¢, z, ¥ 
and ¢ are also present as shown in figs. 20, 22, 23: these more 
complex forms still preserve the hexagonal aspect by the pre- 
domination of e and m. Fig. 19 is a form, observed by Pen- 
field, of smal! crystals implanted thickly on a porous siliceous 
gangue. 

In fig. 21 a form is shown in which the pyramid e predomi- 
nates, only modified by z and m; in fig. 24 m is absent and 
only the pyramid e present with its front edge beveled by z. 
The ordinary projection, used in fig. 21, fails to give the true 
effect of this type, which is that of an acute nearly square 
pyramid, elongated in the direction of the d axis. The shape 
is better exhibited in the basal projection of fig. 24. This 
form is interesting in the same way as fig. 1, in that it approxi- 
mates in form and angle to the common acute octahedron of 
the third form of titanium dioxide, octahedrite. The pyram- 
idal angles of the latter species are 82° 9’, 82° 9’ and 48° 24’ 
basal), while the corresponding angles of brookite are 84° 38’, 
78° 57’ and 44° 23’. This type of crystal is often altered to 
rutile. It may be added that the crystal figured in 24 was 
most strikingly like the pseudomorphs of wolfram after scheelite 
from Monroe, Connecticut. 

As has been remarked by Penfield, the brookite from Mag- 
net Cove is ill adapted for close measurements. Many of the 
planes are striated, as those of the prismatic zone, and those of 
the zone z, y, 7’, 2. Even when the planes are seemingly 
smooth they give uncertain or multiple reflections. The fol- 
lowing measurements obtained from the best of the crystals 
‘ under examination, are however, worth recording, though not 
deserving of great weight. 
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Measured. Calculated (Kokscharow). 
124. 124 28° 46’ 99” 
134,134 
124.4 124 
124.194 
112,112 
112 4 112 
112,112 
1124112 
1104110 


28° 317 

48° 44’ 

48° 55° 
53° 47’) 
53° 44” 
44° 45° 
44° 46 


79° 25’ 80° 10! 


48° 54’ 


53° 487 


A comparison of these angles and of those obtained by 
Penfield shows a considerable variation among themselves ; 
while on the whole they correspond tolerably well with the 
measurements by Kokscharow of Russian crystals. 


SCIENTIFIC INTELLIGENCE. 
I. CHEMISTRY. 


1. Contributions from Chemical Laboratory of Harvard Col- 
lege, under the direction of Professor Cooxr.*—Mr. Grorce W. 
LerieuTon has made an analysis of a mica from Leon Co., Texas, 
which attracted notice as it presented characters intermediate be- 
tween those of the vermiculites and the muscovites. The mica is 
opaque except in thin lamin and has obviously undergone altera- 
tion. Cleavage basal, eminent; laminz flexible, but brittle and 
non-elastic. Luster pearly. Color brownish to yellowish green. 
Double refraction negative. Biaxial; with bisectrix nearly if 
not absolutely normal to the cleavage, the optical angle in air 
measuring about 374°, but could not be measured accurately on 
account of opacity. In blowpipe flame the lamine separate, 
swelling to more than double the original thickness, and melting 
on the edges, showing fusibility 5-6. Blowpipe flame strongly 
colored with potash, barely tinged with soda, and with traces of 
lithia. No fluorine could be detected by the usual tests. 

The analysis was made in the usual way, fusing with Na,CO, 
for the silica, decomposing with HF for the alumina, iron, and 
magnesia, and by Lawrence Smith’s method for the alkalies. The 
iron was all in the ferric condition, and was determined volu- 
metrically after weighing Al,O, and Fe,O, together. The potash 
was weighed as chloroplatinate, and the water was determined by 
ignition. In the following table, the results of the analysis are 
given in column I. In column II, are the corresponding per 
cents of oxygen, and in column III, are given for comparison the 
results of an analysis of a mica from Hirschburg, taken from Dana’s 
System of Mineralogy, last edition, and classed by him among the 
muscovites. 


* Proceedings of the American Academy of Arts and Sciences, vol. xxii, 158. 


AX 
va 
x” 
aut? 
mm/’”’ 
4 


Scientific Intelligence. 


I, III. 
48°95 49°04 
25°17 29°01 

9°40 5°56 
1°69 0°75 
trace, 
trace, 0°50 
11°08 11°19 
4°31 2 4°65 


100°60 100°87 


Oxygen Ratios.—Bases with water to silica are as 4:5 nearly. 

Bases without water to silica are as 2:3 approximately. 
RO+H,0: R203: =5: 11: 20. 
RO: R203: Si0g = 2: 11: 20. 

As will be seen the composition of the Texas mica agrees very 
closely with that of the mica from Hirschburg. it is an evident 
product of alteration, with some of the characters of a vermicu- 
lite, and differs in composition from ordinary muscovite only in 
the absence of the fluorine, and the presence of a somewhat larger 
amount of magnesia. It appears as if it were an early stage in 
the alteration of muscovite to vermiculite. 

Mr. Leighton has also made the analysis of a crystalline scale 
formed in the manufacture of sodium bicarbonate by the ammonia 
process at Syracuse, N. Y. This scale was deposited on the inner 
surface of an iron tank in which vapors consisting of ammonia, 
carbonic dioxide, with small quantities of hydric sulphide are 
passed through brine holding in solution the chlorides of sodium, 
magnesium and calcium, with a small amount of calcic sulphate. 
It has the appearance of a boiler scale from one to two inches 
thick, with a vitreous luster and a greenish gray color, although 
sometimes black on the surface. The scale is usually covered 
with crystal planes which have at first sight the appearance of 
octahedral forms projecting from the surface, but on closer examin- 
ation the planes were found to be the termination of prisms 
(probably monoclinic) extending down into the body of the scale. 

or the details of the crystallographic work as well as for the 
methods of analysis we must refer to the original paper. From 
the means of many determinations the following general result 


was deduced: 
Found. Theory. Diff. 
NaCl 22°230 22°23 
Na,CO,; 40°622 40°28 —0°34 
MgCO; 31569 31°92 +0°35 
CaCO; 3°559 
FeCO; 0°080 
H,0 0°630 
CO, in excess 0°645 
99°335 
The scale is evidently a triple salt represented by the symbol 


MgCO,.Na,CO,. NaCl mixed with small amount of impurities, 
and how closely the analysis corresponds to this theory is shown 
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by the second column of figures. That the common salt is com- 
bined and not simply mixed with the double carbonate appears 
not only from the definite proportion, but also from the fact that 
the material is so slowly acted on by water. Evidently we have 
here a definite crystalline product of a very interesting constitu- 
tion not unlike that of several well defined mineral species in 
which an alkaline chloride appears to be in molecular union with 
heterogeneous materials having a function not unlike that of 
water of crystallization. 

Mr. Turopore W. Ricuarps has made a very extended series 
of observations of the heat produced by the reaction of argentic 
nitrate on aqueous solutions of metallic chlorides and tound that 
the quantity of heat evolved was directly proportional to the 
amount of silver nitrate used. As the investigation was a question 
of comparison rather than of absolute measures it was possible by 
keeping the conditions as uniform as possible to obtain results 
which were strictly comparable. The method is described and 
the results are given in detail in the papers above referred to and 
it appears that all of these results are identical within the limit 
of error of the process. We may, therefore, draw the conclusion, 
that the amount of heat evolved by the reaction thus represented, 


(;R, Cl, +AgNO,+Aq) =AgCl+(; Rn(NO,), + Aq), 


is constant, no matter what Jt, m, or x may be. 

Hence, also, the difference between the heats of formation of 
equivalent amounts of nitrate and chlorides in aqueous solution is 
the same for any metal or basic radical. 

Mr. Irvine W. Fay made a similar investigation on the heat of 
formation of chlorides and sulphates in aqueous solution involving 
the general factors 

~R,, (SO,),+BaCl, . 2H,O, 


but the same constancy in the heat of the reaction was not found. 
From the table of results which is given in the original paper 
it appears that the difference between the heats of formation of 
of chlorides and sedphates is not the same for all metals, as it was 
found to be in the case of the chlorides and nitrates. It appears, 
however, that with sulphates of allied bases the agreement is as 
close as before, but the sesquioxide salts give a larger amount of 
heat than the protoxide, and the double salts a still larger quan- 
tity, and sulphurie acid much the largest of all. It is a singular 
fact, that in the case of common alum the heat evolved is greater 
than it is with either of its constituent salts. J. P. C. 


Il. anpD NATURAL History. 


1. Brief Notices of papers read before the Geological Section 
of the American Association. Communicated to this Journal by 
Professor W. M. Davis.— 

Testing the Durability of Building Stones.—A paper by A. A. 
JULIEN treated of methods of testing building stones for absorp- 
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tion, freezing and fire. As an allowance of ninety per cent is 
now made by architects for error in the values of crushing 
strength ordinarily quoted, the author desired to devise tests that 
more closely measure the characteristics of stone under natural 
conditions; he said that strength should be determined by mod- 
erate, long-continued pressure that causes a slow yielding, rather 
than by heavy, violent pressure that produces immediate crushing; 
that the stone should be continued under pressure at least a month. 
Frost was found to be more active in removing particles that had 
been loosened by chemical weathering than in direct mechanical 
breaking of unweathered rock, 

Geology of Southwestern Colorado.—The geological features of 
a district in southwestern Colorado were described by Dr. T. B. 
Comstock in several papers. The mines of Red Mountain are 
found to be situated in a region of extinct geysers, many mounds 
around the old vents being larger than any now known in the 
Yellowstone Park; the galleries opened in them give excellent 
opportunity for the study of geyser structure and of mineral depo- 
sition along the old conduits, The distribution of lavas in the 
same region suggested a mechanical explanation for von Richt- 
hofen’s classification of volcanic rocks, which Dr. Comstock 
accepts with certain modifications; andesites are ejected early 
near the base of large folds; and if the need of escape from com- 
pression be great and long-continued, trachyte and rhyolite and 
finally basalt may follow. He observed that existing examples 
clearly show this sequence. The local glacial drift and the veins 
of the region were also described. 

Tully Limestone.—S, G. Witt1aMs, of Cornell, detailed the out- 
crop and thickness of the Tully limestone in the neighborhood of 
the finger lakes of western New York, where its eroded margin 
follows a sinuous line. Its gentle dip to the south is occasionally 
varied by faint curvature in the form of very flat broad-span 
arches. A list of one hundred and sixteen fossils was presented 
as representing its fauna, E. W. Claypole referred to a bed in 
Pennsylvania that he had thought to be the equivalent of the 
Tully limestone in New York, and believed his opinion confirmed 
by the fossils of this list. H.S. Williams thought that nearly all 
these fossils belonged to the caleareous Hamilton beds that oc- 
curred near the true Tully limestone, which he regarded as poor 
in fossils. 

Mollusca of the New Jersey Marils.—R. P. WuitFite.p, in a 
paper on the molluscan fauna of the New Jersey marls, gave 
reasons for belief that the Cretaceous members are equivalents of 
the higher members (Nos. 4 and 5) of the upper Missouri section, 
and that the Eocene beds are nearly coeval with the Claiborne 
beds of the south. The distinctive features of these studies are 
the gathering together of the material and its separation into 
paleontological horizons corresponding with those determined 
stratigraphically by the State geologist. The list of species 
includes 224 Lamellibranchs, of which 74 are new, and 132 Gas- 
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teropods, of which 66 are new: Cephalopods and Brachiopods are 
relatively poor in species. 

New York Devonian Geology.—H. of Cornell, 
presented a revision of the Cayuga Lake (N. Y.) Section of 
Devonian, and reached the conclusion that the Hamilton fauna 
was not interrupted by the limestones associated with the Coral- 
line beds, and that the Moscow shales also include only a modi- 
fied stage of the Hamilton fauna, but that the true Tully lime- 
stone, whenever it is distinct, interrupts the Hamilton fauna, and 
is associated locally at least with the overlying deposits called 
Genesee, with which it should be connected more intimately than 
with the Hamilton below. 

A second paper by the same author, based on his paleonto- 
logical studies, and illustrated especially by species of Stropho- 
menide, described the initiation of genera and species in the geo- 
logical series. Wide variation was found to be developed soon 
after the first appearance, and species in later horizons did not 
seem to accumulate additional variation, but rather to persist in 
forms previously defined: a genus thus appears plastic at first, 
and fixed afterward. 

Mr. Walcott mentioned that the trilobites present similar char- 
acteristics in their first appearance and later continuation. 

Connecticut Valley Triassic.—A process of mechanical defor- 
mation for the Connecticut valley Triassic formation was sug- 
gested by W. M. Davis, of Harvard, and illustrated by a working 
model. [The paper will appear in the following number of this 
volume.] Its essential suggestion was that the faulted mono- 
clinal structure now possessed by the surface covering of Trias- 
sic strata was due to their accommodating themselves to the 
deformation of the floor of tilted schists and gneisses on which 
they rest. Professor Newberry thought the suggestion would aid 
the solution of the old Triassic problem, but doubted the occur- 
rence of the reversed faults that it involved; and Professor 
Emerson believed that it might find support in the attitude of 
the Triassic beds in Massachusetts, although they presented more 
irregularity than those of Connecticut. 

Nebraska Geology.—Professor L. E. Hicks reported upon 
several lines of work that are occupying him in Nebraska. A 
geological map of the eastern part of the State was first presented 
in order to give proper relation to the later papers. A series of 
beds conformably overlying the coal measures, and unconforma- 
bly covered by members of the Cretaceous formation, was called 
Permian provisionally, and fossils collected from it by Mr. W. C. 
Knight were exhibited, among which there were several new 
types and but few forms known from the coal measures. Profes- 
sor Newberry questioned the propriety of calling these beds Per- 
mian; he knew of no American equivalent of true European Per- 
mian, as determined by fossils. Mr. Walcott, on the other hand, 
had regarded certain beds in Arizona as good representatives of 
the formation in question. Mr. Davis asked whether the speakers 
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agreed in regarding Permian as a division of geological time or 
as the name for a deposit holding a certain fauna. Professor 
Newberry said he followed the latter definition, and Professor 
Hicks the formér, in agreement with which he had identified the 
Nebraska deposits. Mr, Claypole referred to Heilprin’s recent 
identification of certain so-called Permian beds in the Wyoming 
valley of Pennsylvania as true Upper coal measures, and Professor 
H. 8. Williams closed the discussion by noting that the beaks of 
certain shells (Streptorhynchus) in the Nebraska collection were 
not enough twisted to be considered Permian. Professor Hicks 
then described diagrams of sections found in typical deep-well 
sections, and exhibited a map of the salt-basins near Lincoln; the 
streams flowing from some of the basins are made strongly saline. 

Cambrian in New York.—Mr. C. D. Waxcorrt briefly announced 
the discovery of fossils showing the Cambrian age of the roofing- 
slates of Granville, Washington Co., N. Y. 

Cretaceous Flora, Devonian and Carboniferous Fishes.—Pro- 
fessor NEWBERRY presented papers upon the U. 8S. Cretaceous 
flora and Devonian and Carboniferous fishes. The angiosperm 
plants of the Cretaceous were described as appearing suddenly 
In great variety and advanced development, and displacing the 
pre-existent flora; many forms were even then closely like trees 
still living, and certain flowers had been identified by Dr. Gray 
as Composite, though the author could not yet fully accept so 
surprising a determination. 

In describing the fossil fishes, the remarkable discoveries of 
Hertzer and Terrell were recounted, and fine specimens and plates 
exhibited. Collections from eastern New York gave promise of 
a rich fauna in the Catskill formation, which was regarded as a 
fresh-water lake-deposit, much like the old red sandstone of 
Scotland in many features. The Pterichthys of this formation 
was compared with existing Siluroid fishes from South America, 
partly because of similar markings where the arm was joined to 
the body. Professor Cope thought that too little was known of 
these ancient forms to attempt to trace such relationships, and 
thought that the correspondence in markings might be homo- 
plastic, the result of development under similar conditions, and 
not homogenetic, or inherited from a common stock. 

Recession of Niagara River.—In the Niagara discussion Mr. 
Woopwarp gave the following numerical results: 

Points located. State Survey, 1842, Lake Survey, 1875. Geological Survey, 1886. 


Horseshoe fall, 12 16 30 
American fail, 18 15 24 


Twenty-three hundred feet is the length of the front of the 
Horseshoe fall, to which the following numbers relate: 

Interval. Area worn away. Mean annual recession. 
1842-1875 4°25 acres. 2°44 feet. 
1842-1886 5°62 2°42 
1875-1886 1:37 2°38 


The fastest recession is at the center of the fall, where a pro- 
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jection marked on the Lake Survey map has been converted into 
a strong recession, the distance of retreat here being from 200 
to 274 feet in eleven years. 

Mr. G. K. GizBert’s study of the place of Niagara in geologic 
history was in one sense a continuation of his account of the tilted 
shore lines of old Ontario, presented at Ann Arbor a yearago. <A 
shore line is found south of Buffalo, about two hundred feet above 
Lake Erie, and has been traced eastward as far as Alden, on a 
branch of the Erie Railway ; the water from this high level prob- 
ably draining inte the Ohio by some outlet not yet. well defined, 
until the retreat of the ice in eastern New York allowed it to 
escape by the Mohawk. The change from the upper to the lower 
level was sudden, as no shore lines are known at intermediate 
altitudes ; and this change allowed Erie to drain into Ontario by 
the Niagara River. The conditions that might cause a variation 
from the present rate of retreat of the falls were then discussed, 
reaching the conclusion that the present rate is a minimum, and 
consequently that the sur prisingly low maximum of 7,000 years 
is all that can be allowed for the excavation of the gorge. This 
paper was illustrated by maps and sections that placed its mean- 
ing immediately before the audience. 

The subject was further discussed by Messrs. Claypole, Davis 
Comstock and Holley. The first speaker compared Buffalo and 
Chicago, illustrating a “ geological might-have-been” in the con- 
trast between their relation to the outlet of the Great Lakes, 
which was determined by slight differences of altitude. The 
second alluded to the contrast in form between the relatively 
wide-open and mature old valley, filled with drift from the whirl- 
pool to St. David’s, and the narrow, steep-sided immature gorge 
of the Niagara. Mr. Comstock discussed the influence of joints 
in the limestone on the direction of the gorge, and Mr. Holley 
referred to circumstances in the thickness and altitude of the 
rocks which he thought made seven thousand years too short a 
time for the recession of the falls. 

Topography of Chesapeake Bay.—A paper full of significant 
detail was presented by W. H. McGex on the geography and 
topography of the head of Chesapeake bay, in which the form of 
the water-courses was used as a guide to the history of the re- 
gion. The “ fall-line,” separating the rougher piedmont region 
from the smoother coastal plain, was shown to divide also systems 
of streams of strongly different characteristics; on the first the 
streams follow valleys well elevated above tide level, and reach 
the bay over falls; on the second, the streams, many of which 
run obliquely westward toward the bay, follow partly submerged 
valleys as they enter it: the geological explanation of these facts 
was unhappily crowded out for lack of time. 

Holyoke trap range.—Almost the only approach to petrograph- 
ical investigation appeared in the paper by B. K. Emzrson of 
Amherst, on the Holyoke trap range, whose structure and com- 
position were worked out with much success. The main trap 
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sheet was recognized as of contemporaneous overflow origin, and 
consists of monotonous diabase, with alteration throughout: on 
the other hand, certain necks or plugs of lava, seen breaking across 
the sandstones, and of roughly circular area, are found to be un- 
changed by alteration, and to possess a very glassy base. Evi- 
dence was found in the steep faces of some fault bluffs for the 
recent occurrence of dislocation in this region. 

Bernardston Devonian, in the Connecticut valley.—Professor 
Emerson also showed a map of the Bernardston Devonian lime- 
stone district in northern Massachusetts, in which the distribution 
and attitude of the rocks were displayed with much detail. 

Origin of the Pottsville and other Conglomerates.—The origin 
of wide-spread and heavy conglomerates, such as the Pottsville, 
was discussed by Mr. BranneR, who preferred to explain them 
by the action of tidal bores, such as occur on the Amazon. He 
pointed out that in favorable conditions, the bore may have an 
extended development and not be limited only to the mouth of a 
river. Dr. Comstock supported him in this view. Mr. Davis point- 
ed out the need of a strong transporting agent in the origin of con- 
glomerates that consist of materials unlike the rocks on which they 
lie, but on account of the local nature of the tidal bore looked 
rather to general stronger tides for the needed agent, and Mr. 
Claypole took similar ground. Mr. Merrill showed that not only 
the transportation but the origin of certain gravels in New Jersey 
awaited explanation. 

Distortion of Cretaceous and Tertiary beds on Long Island and 
the islands east of it.—In illustration of some dynamic effects of 
the ice sheet, Mr. F. J. H. Merrill of New York described the 
distortion of certain Cretaceous and Tertiary beds on Long Isl- 
and and southern New England, including those of Gay and San- 
katy Heads. Many morainic ridges were found to owe their height 
in good part to anticlinal deformation of the beds below them 
by glacial thrust; stratified deposits containing post-Pliecene 
shells were thought to be older than the Champlain epoch, and 
their present altitude was regarded as the result rather of local 
glacial disturbance than of continental elevation. 

Recent geological anticlinals.—‘“ An account of some new 
geologic wrinkles” served Mr. Gilbert as an introduction for 
an ingenious hypothesis. He has lately discovered several small 
post-glacial anticlinals in the horizontal limestones of Jefferson 
Co., N. Y. and in the shales near Dunkirk, in the western part of 
the State, and suggests that they may have resulted from expan- 
sion caused by the warming up of the surface layers of the rocks 
as they recovered from the cold of the Glacial period. 

The titles of all the papers accepted for reading in the Geolog- 
ical Section are given on pages 330 and 3381. 

2. Brachiopoda and Lamellibranchiata of the Raritan Clays 
and Greensand Marls of New Jersey ; by Rozserr P. Wuirt- 
FIELD. Vol. I. 270 pp. 4to, with 35 lithographic plates of fossils 
and a colored geological map of part of the State. Geological Sur- 
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vey of New Jersey. Trenton, 1886.—This very valuable Report 
contains descriptions, synonymy and figures of all the described 
species of brachiopods and lamellibranchs in the formations men- 
tioned, together with some that are new. The total number, 
exclusive of the brachiopods (5), is 230. Of these, 5 are from the 
Raritan clays below the Lower Marl beds, 163 from the Lower 
Marls, 11 in the Middle Marl bed, 17 in the Cretaceous layer at 
the base of the Upper Marl bed which is Eocene, 23 from the top 
of the Upper Marl bed, and 12, species of Unionide, from the 
clays at Fish House. Only one species of the 163 in the Lower 
marl, Gryphea vesicularis, is found in any of the other beds; 
this species occurs also in the Middle Marl bed, besides which a 
single individual has been found in the Eocene. “ Very few of the 
species have been recognized from localities outside of the State.” 
Of Brachiopoda, the only genera reported are Zerebratula, Tere- 
bratulina and Terebratella. Terebratella plicata is common in 
the Gryphza beds of the Lower Marls, while Zerebratula Harlani 
is in great abundance, in some places almost wholly constituting 
beds several feet in thickness. The other species are rare. 

The five species of Lamellibranchs from the Raritan clays, 
referred to the genera Astarte, Ambonicardia (new), Corbicula 
and Gnathodon, have in part a Jurassic aspect, but the conform- 
ably overlying beds all contain unquestionably Cretaceous fossils, 
as Professor Cook states in his pretatory remarks. 

The plates of the volume are excellent. Mr. Whitfield has a 
second volume in progress, devoted to the Gasteropoda and 
Cephalopoda of the same formations, which will soon go to press. 

3. Note on the recently proposed genus Billingsia ; by 8. W. 
Forp.—Mr. J. F. Whiteaves having kindly brought to my notice 
the fact that the above generic name, proposed by me on page 
466 of this Journal for June last, was bestowed by M. De Koninck, 
in 1876, upon a genus of compound corals from the Devonian 
rocks of Australia, I propose to substitute for it the name Exka- 
nia, based upon Mr. Billings’ Christian nae, Elkanah. 

4. A Catalogue of Minerals, alphabetically arranged, with their 
Chemical Composition and Synonyms; by ALBERT I], CHESTER. 
52 pp. 8vo. New York, 1886 (John Wiley & Sons).—This is 
a handsomely printed list of the mineral names now in use, in- 
cluding synonyms and names of varieties ; after the name of each 
species a general statement of the chemical composition is given. 
Collectors will find this catalogue useful. 

5. Hooxer’s Flora of British India, Part xiii, just now 
issued, commences the fifth volume, and carries it on to p. 240. 
It comprises the Chenopodiacee, Polygonacece, Podostemonacee, 
Nepenthacee, Cytinacee, Aristolochiacee, Piperaceew, Chloran- 
thacee, Myristicacee (30 species of Myristica), Monimiacee, 
Laurinee (16 genera, one of them of 64 species), Proteacee, 
Thymeleacee, Eleagnacece, Loranthacee (with 58 species of Lo- 
ranthus), Santalacee, Balanophoree, and the opening pages of 
Euphorbiacee ; all by Sir Joseph Hooker himself, who, relieved 
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of official cares, is thus putting forward this great work with 
renewed vigor and advantage. A. G. 
6. Notice Biographique sur Alphonse Lavallée; par M. 
Henry L. pr Vitmorin. pp. 46, 8vo.—A very interesting ac- 
count of a very interesting man and of his work, so suddenly and 
sadly cut short. It is an address to the National Agricultural 
Society of France, of which Lavallée was a leading member and 
an officer. A. G. 


III. MisceELLANEOvs ScrentTiIFIc INTELLIGENCE. 


1. The Astronomical Journal.—In a printed circular Dr. Gould 
announces his desire to re-establish the Astronomical Journal, 
which was suspended at the close of its sixth volume, shortly after 
the beginning of the war. He proposes to carry out the plan as 
soon as a sufficient number of subscriptions has been received to 
meet half the estimated expenses. 

The Astronomical Journal is to be devoted to the advancement, 
rather than the diffusion, of knowledge, and its numbers will be 
issued at irregular intervals, although it is hoped to complete a 
volume annually. The price is $5.00 for the volume of twenty- 
four numbers, with table of contents and index. 

Those disposed to subscribe are requested to notify him at 
Cambridge, Mass., as early as may be convenient. The Journal 
should have great success. 

2. The Moon’s Surfuce-—Captain Joun Ericsson has, in ature 
of July 15th (p. 248), a paper well worked out, aiming to prove 
that the rims of the great craters of the moon are made of ice, 
through the freezing by the intense cold of the surface, of vapors 
of water rising from the pits. He alludes to a paper of his read 
before the American Academy of Sciences in 1869, in which he 
dissented from Herschel’s view that the heat of the mon on the 
side toward the sun exceeded that of boiling water, and said that 
“nothing but the assamption of extreme cold offers a satisfactory 
explanation of the absence of any gaseous envelope round a 
planetary body, which, on account of its near proximity cannot 
vary much from the earth as regards its composition.” In the 
following number of Nature, Mr. G. H. Darwin states, in a brief 
note, that in May, 1884, Mr. Peal, of Silbsagar, in Assam, who 
has studied the moon’s surface with great attention, sent him a 
paper in which he maintained views closely resembling those of 
Captain Ericsson; to whom he replied suggesting that “it was 
difficult to admit the existence of ice on the moon’s surface with- 
out a layer of water vapor over it, and that the telescope proves 
that if such vapor exists it is only in exceedingly small quantities.” 
Mr. Darwin presents the note simply to draw attention to the 
correspondence, not saying that he holds still the opinion he then 
expressed. 

3. American Association for the Advancement of Science.— 
The thirty-fifth meeting of the Association opened at Butfalo 
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on the 18th of August, under Professor Edward 8. Morse, of 
Salem, as the President. The evening of the same day the 
retiring President, Professor H. A. Newton, delivered his address, 
giving a lucid popular exposition of the subject of Meteorites, 
Meteors and Shooting Stars. The Sections were opened by 
addresses of the Vice-Presidents: Professor Willard Gibbs, of 
New Haven, of the Mathematical Section, on Multiple Algebra; 
Protessor C. F. Brackett, of Princeton, of the Physical Section, 
on the Electromotive Force of the Voltaic Cell; Professor H. C. 
Wiley, of Washington, of the Chemical Section, on the Economic 
aspects of Agricultural Chemistry; Professor T. C. Chamberlin, 
of Beloit, of the Geological Section, on the Glacial Drift; Mr. H. 
P. Bowditch, of Boston, of the Biological Section, on Nerve 
Force; Mr. O. Chanute, of Kansas City, of the Section on 
Mechanical Science and Engineering, on Scientific Invention; 
Mr. Horatio Hale, of the Anthropological Section, on the Origin 
of Languages; Mr. Joseph Cummings, of Evanston, of the Section 
of Economic Science and Statistics, on Capitalists and Laborers. 
A list of the papers accepted for reading is given below. 

Saturday was given up to excursions, for which the citizens of 
Buffalo had made liberal provision. Members of the Geological 
section availed themselves of the opportunity for an exploration 
of the Niagara gorge; and the forenoon of the following Monday 
was occupied by them in a discussion of the subject with special 
reference to its chronological bearings, in which Professor G, K. 
Gilbert, Dr. Pohlman, Professor E. W. Claypole, Professor 
Chamberlin, Professor W. M. Davis, and others took part. 

Professor 8. P. Lanaiey was elected President for the next 
meeting of the Association. The Vice-Presidents appointed are: 
Ws. Ferret, of Washington, for the section of Mathematics ; 
and Astronomy ; Wm. A. Anruony, of Ithaca, that of Physics 
A. B. Prescott, of Ann Arbor, that of Chemistry; E. B. Coxe, 
of Drifton, Pa., that of Mechanical Science and Engineering; G. 
K. Gitzert, of Washington, that of Geology and Geography ; 
W. G. Fartow, of Cambridge, that of Biology; D. G. Brinton, 
of Media, Pa., that of Anthropology; and H. E. Atvorp, of 
Amherst, Mass., that of Economic Science and Statistics. The 
place of meeting in 1887 was left to be decided by the Standing 
_Committee. 


List of Papers accepted for Reading. 


Section A.-——Mathematics and Astronomy. 


J. Burkitt Wess: Second differentials and equicrescent variables. 

THoMAS Hirundo—a new curve. 

Wm. A. Rogers: On the degree of accuracy which may be expected from 
chronograph records. On a method of determining the constants of precession 
which is partially independent of the variations of the proper motion of the stars 
employed. 

Wm. A. Rogers and ANNA WINLOCK: On the limitations in the use of Taylor’s 
theorem for the computation of the precessions of close polar stars. 

Am. Jour. Sci.—Tuirp Series, Vou, XXXII, No. 190.—Octoper, 1886. 
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Henry FarquHar: Comparison of the Boss and Auwers declination-standards. 

D. P. Topp: On some mechanical attachments (partly novel and partly not) for 
facilitating the astronomer’s work with the equatorial. 

C. L. DootitrLE: Change in the latitude of the Sayre Observatory. 

H. B. Fine: A new demonstration of Cayley’s Theorem on the intersections of 
curves. Any point or plane (tangential) singularity in an element of 4 curve of 
double curvature can be completely defined by aid of three singularity indices 
K,, Ke, K;. 

B. A. GouLD: Photographic determinations of stellar position. 

E. F, SawYER: Some account of a new catalogue of the magnitude of southern 
stars. 

Cuas. K. WeEaD: On certain indeterminate and discontinuous functions with 
some applications. 

S. C. CHANDLER, JR.: A comparative estimate of methods and results in stellar 
photometry. On the use of the zenith telescope for latitude. 

W. L. ELkIn: Comparison of the places of the Pleiades as determined by the 
K6nigsberg and Yale College heliometers. 

C. M. WoopwarpD: Some of the properties of the Torus. A note on the equa- 
tions of tangents to plane curves. ' 

CLEVELAND ABBE: A neglected correction in the use of refraction tables. 

HENRY M. PARKHURST: Magnifying power of telescopes. 

E. E. BARNARD: Telescopic observations of meteor trains, 

Joun H. Kepzir: A new theory of gravitation. 

Joun Haywoop: Apparatus: An instrument to show at any time the direction 
of the earth in space, in its annual motion. 

SAMUEL MarspEN: On a method of obtaining the mean apparent diameter of 
the sun. 

Section B.—Physics. 

Wm. A. Rogers: A new determination of the relative lengths of the Imperial 
yard and of the Metre des Archives. Description of a combined yard and meter 
which will be used in a definite determination of the relative lengths of the Im- 
perial yard and of the Metre des Archives. A study of the idiosyncrasies of mer- 
curial and metal thermometers. 

J. A. BRASHEAR: A gravity parallelometer. 

B. F. Tuomas: Note on variation in resistance with temperature of certain 
alloys. 

SANBORN: Relation of dew to soil moisture. 

H. E. Atvorp: Observations on the formation of dew. 

J. Burkitt WEBB: Entropy as a physical quantity. Rankine’s thermodynamic 
function. 

T. C. MENDENHALL: Polarization of resistance coils. Electric thermometry. 
Report of progress in the study of atmospheric electricity. 

A. E. DOLBEAR: Early telephonic apparatus. 

C. K. WeaD: On some new applications in electricity of the graphical method. 
On the time of contact between the hammer and string in a piano. On a name 
for the C. G. S. unit of momentum. 

I. T. OsmMonpD: Simple harmonic motion and hypotrochoid. 

C. A. OLIVER: Some notes upon subjective after-color. 

DeWitt B. BRACE: On a singular case of double refraction. 

W. F. Maaie: Determination of capillary constants. 

Ws. Kent: On a method of counteracting the effect of change of level of the 
torsion balance. On the application of a mirror to the multiplication of the indi- 
cations of a torsion balance. 

W. L. Hoover: The field magnets of a self-exciting dynamo may be too soft. 

Wm. A. ANTHONY: On the increase of torsional elasticity of metallic wires. 
On a method of registering small variations of speed, and determining the abso- 
lute number of revolutions of an engine or other running machinery, 

CLEVELAND ABBE: The effect of wind and exposure upon barometric readings. 

GrorGE F. Kunz: On a simple method of reproducing etched surfaces of mete- 
oric irons for illustration. 

H. C. Hovey: Illustrations of Minnesota tornadoes. (Lantern projections.) 
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Section C.— Chemistry. 


A. C. PEALE, W. H. SEAMAN and C. H. Wuite. Report on methods of stating 
water analyses. 

H. C. DES. ABBotr: Preliminary analysis of a Honduras plant named “ Chichi- 
pate.” Certain chemical constituents of plants considered in relation to their 
morphology and evolution. 

L. M. Norton: Action of heat on ethylene. 

B. B. Ross and L. W. W. WiLkinson: Determination of nitrogen in commer- 
cial fertilizers. 

C. F. DELANDERO and PAUL PRIETO: On some laws of chemical union. 

WILLIAM FREAR: Notes on composition of soiling rye. 

Lituir J. MARTIN: Preliminary analysis of leaves of Juglans nigra. 

A. SPRINGER: The torsion analytical balance. 

W. McMortriE: Blue milk and ropy cream. 

0. C Jounson: The non-precipitation of lead salts by mercuric chloride. 

C. F. MABery: Composition of certain products from the Cowles electrical fur- 
nace. The composition of certain well waters in Cleveland containing lithium. 
On certain substituted acrylic and propionic acids. 

H. CaRRINGTON Botton: A problem in chemical bibliography. 

8. M. Bascock: A new viscometer. 

H. W. Wizey: On the melting point of fats. On the areometric method of 
estimating fat in milk. 

V. C. VauGHaNn: Tyrotoxicon (cheese poison); its occurrence in milk and its 
products, and a method of detecting it. 

H. CARMICHAEL: The quantity of arsenic contained in common wall paper. 
The copper reduction test for the quantitative estimation of arsenic. Certain new 
methods of filtration. 

TuomMAS TAYLOR: Contributions to the crystallography of animal and vegetable 
fats. 

ADOLF KAYSER: Pneumatic process of converting sodium chloride and sulphate 
into sodium carbonate by means of the oxides of carbon. 

C. RICHARDSON and C. A. CRAMPTON: On the presence of cane sugar and allan- 
toin in the ungerminated embryo of wheat. 

O. H. LANDRETH: The importance of ultimate analyses of coal over proximate 
analyses in calorific determinations. 

E. H. S. BarLey: On the viscosity of fats and oils. 

W. H. CHANDLER: The construction of chemical laboratories, 

W. Hopeson Extis: On the determination of caffeine. 

W. H. Pitt: The relations of air and water. 


Section D.—Mechanical Science and Engineering. 


Wa. HARKNESS: On the strength and proportions of toothed wheels. 

J. BURKITT WEBB: Maximum stresses in bridge inclines. Report of committee 
of the Section on the best methods of teaching Mechanical Engineering. 

I. LANCASTER: The soaring bird. 

L. M. Haupt: River and Harbor improvements with special reference to the 
New York entrance. 

W. Netson: Some difficulties to be overcome in making the Panama Canal. 

Wm. A. Rogers: Report of committee of the Section on the use of accurate 
standards in the machine shop. On the use of the microscope in the machine 
shop. 

R. H. Taurstox: On the education of engineers, and on the degrees conferred 
by schools of engineering. On the friction of the steam engine. The great Brush 
dynamo of the Cowles Co. 

G. I. AtDEN: The relation of manual processes to primary and higher educa- 
tion. 

Wa. Kent: Proposal for an American Academy of Engineering. 

J. A. BRASHEAR: On a method of heating vertical flue boilers by natural gas. 

DEVOLSON Woop: A deduction from the equation of the ‘‘ moment of the mo- 
mentum,” in the case of turbines, An example of cylinder condensation at differ- 
ent speeds. 
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H. T. Eppy: A contribution to the theory of the maximum stresses in bridges 
under concentrated loads. 

O. H. LANDRETH: An improved chimney draught gauge. 

8. S. Harent: A method of establishing a monument point hidden by an 
obstacle from the transit station. 


Section E.— Geology and Geography. 


A. A. JULIEN: On the methods of testing building stones by absorption, freez- 
ing and fire. 

J.C. BraNNER: Thickness of the glacier in Northeastern Pennsylvania. Some 
questions relating to the Subcarboniferous and Carboniferous conglomerates. <A 
periodic tidal wave as a geologic agent 

T. B. Comstock: A remarkable extinct geyser basin in Southwestern Colorado. 
Hints toward a theory of Volcanism. Drift of the Rocky Mountains. Veins of 
Southwestern Colorado. Super-metamorphism; its actuality, inducing causes and 
general effects. 

S. G. WittiAms: The Tully limestone; its distribution, character and fossils. 
Note on the lower Helderberg rocks of Cayuga Co., N. Y. Revision of the Ca- 
yuga Lake section of the Devonian. 

W. M. Davis: Mechanical origin of the Triassic monoclinal in the Connecticut 
Valley. 

L. E. Hicks: Preliminary geological map of Nebraska, east of the 98th meri- 
dian. The Permian formation in Nebraska. Some typical well-sections in Ne- 
braska. The Lincoln salt-basin. 

J. S. NewBerry: On Devonian and Carboniferous fishes. On the Cretaceous 
flora of North America. 

G. K. Gumpert: The place of Niagara Falls in geologic history. Some new 
geologic wrinkles. 

J. PoutmMan: The Niagara gorge. 

R. S. Woopwarp: On the rate of recession of the Niagara Falls. 

E. W. CLiaypote: Buffalo and Chicago. or what might have been. On the 
deep well at Akron, Ohio, On some Carboniferous wood from Ohio. 

I. C. Wuire: Rounded bowlders at high altitudes along some Appalachian 
rivers. The criticisms of the anticlinal theory of natural gas, 

W. J. McGrE: Topography of head of Chesapeake Bay. Quaternary geology 
of the head of Chesapeake Bay. 

N.S. Rineuesere: A track illustrating one mode of progression of the trilobite. 

H.S. Witui1ams: The Strophomenide, a paleontological study of the initiation 
of genera and species. 

J. ©. Smock: Notes on the Archzean rocks of the Highlands east of the Hud- 
son River in New York. 

C. D. Watcott: Cambrian age of the roofing slates of Granville, Washington 
Co., New York. 

J. D. Dana: Fossils from the Taconic. 

W. B. Dwieut: Paleontological observations on the Taconic limestones of 
Canaan, Columbia Co., N. Y. 

R. P. WHITFIELD: Notice of geological investigations along the eastern shore 
of Lake Champlain, conducted by Prof. H. M. Seely and Pres. Ezra Brainard, 
of Middlebury College, with descriptions of the new fossils discovered. Remarks 
on molluscan fossils of the New Jersey marl beds, contained in vols. i and ii of 
the New Jersey Paleontology and on their stratigraphical relations. 

I. P. BisHoP: On certain limestones of Columbia Co., N. Y. 

B. K. Emerson: The Holyoke Range on the Connecticut. Preliminary note on 
the succession of the crystalline rocks in the Connecticut River region. The age 
and cause of the gorges cut through the trap ridge by the Connecticut River. 

F. J. H. MERRILL: On some dynamic effects of the ice sheet. 

J. DicKENSON: The petrified forest of Alabama. 

E. D. Cope: Relations of the ossicula auditus in certain Batrachia. 

G. F. Kunz: Remarkable occurrence of rock crystal in the United States. 

G. F. Wrieut: Some new terrestrial facts bearing on the date of the close of 
the last glacial period. 
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J. Kost: Paper on geology of Florida. 
W. H. Pirr: Remarkable impressions on syenite. 
A.W. VoapeEs: Description of a new crustacean from the Clinton group of 
Georgia. 
Section F.—Biology. 


K. LEwis StuRTEVANT: Atavism the result of cross-breeding lettuce A study 
in agricultural botany. 

W. J. BEAL: The bulliform or hygroscopic cells of grasses and sedges com- 
pared. 

J. M. CoutTEer and J. N. Rose: Synopsis of North American pines based upon 
leaf anatomy. 

W.G. Fartow: The development of the Gymnosporangia of the United States. 

LItuiE J. MARTIN: Plan for laboratory work in chemical botany. 

AsA GRAY: Memoranda of a revision of the North American violets. 

CU. R. BARNES: A revision of the North American species of the genus Fissi- 
dens. 

D. E. SatMon: Immunity from contagious diseases produced by products of 
bacterial multiplication, A point of priority in regard to the theory of immunity 
from contagious diseases. The theory of immunity from contagious diseases. 

D. E. SALMON and THEOBALD Smitu: The Bacterium of swine plague. 

J. S. Kinestey: Orientation of smal! objects for section cutting. Embryology 
of Crangon. 

B. E. Fernow: Biology of timber trees with special reference to the require- 
ments of forestry. 

S. A. ForBes: On some contagious diseases of insects. 

H. F. Ossorn: The presence and relations of the corpus callosum in the brains 
of the lower vertebrates. Osphradium in, Crepidula. 

Burt G. Witper: Human cerebral fissures: their relations and names, and 
the methods of studying them. 

C. S. Minot: Homologies of segmentation of the ovum in vertebrates. On the 
development of the human chorion. 

THEOBALD SMITH: On the variability of pathogenic organisms, as illustrated by 
the Bacterium of swine plague. 

C. HART Merriam: Work of the U. S. Department of Agriculture in economic 
ornithology and mammalogy. Do any of our North American bats migrate? 
Evidence in the affirmative. 

W. L. CorFiInBeRRY: Traveling of the larva of a species of Sarcophaga. 

A. Hyatt: The prototype of the Cephalopoda. 

L. P. GRaTacaP: Zoetic maxima. 

8. H. Gage and S. E. Meek: The lampreys of Cayuga Lake. 

H. P. BowprtcH: Vaso motor nerves of the limbs. 

J. H. Pruuspury: On areas of form and color perception in the human retina. 

T. B. StOWELL: -The facial nerve in the domestic cat. 

Jos. Jastrow: Demonstration of an easy method of measuring reaction-times. 
Physiological notes on ants. The dreams of the blind and the centers of sight. 

FRANK BAKER: Relative stability of organs as dependent on phylogeny. 

E. D. Cope: The homologies of the ear-bones in certain of the lower Vertebrata. 

Fanny R. Hitcucock: Note on the crystalline style in Mya arenaria. 


. Section H.—Anthropology. 

J.C. BRANNER: Notes upon a native Brazilian language. 

W. M. Beaucuamp: The origin and antiquity of the New York Iroquois, 
Wampum. 

JOHN W. Sanporn: Observations on the Iroquois League. 

G. F. Kunz: On gold and silver ornaments from Florida. Gold ornaments 
from the United States of Colombia. 

JOSEPH JASTROW: Longevity of great men. 

WOoLFRED NELSON: The department of Chiriqui; its potteries, stone and metal 
implements. 

J. A. MoNem: Ancient art in Chiriqui. Some facts indicating a greater 
antiquity for the ancient Chiricafios than is generally conceded. 
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FRANK BAKER: Torsion of the humerus in North American Indians. 

Epw. 8. Morse: Additional observations on ancient methods of arrow release. 

Gro. M. MAXWELL: Child mind. Ancient fortifications in the Ohio Valley. 

F. W. Putnam: The way bone fish-hooks were made. The diversity of the 
mounds and earthworks of the United States. 

JOHN MULLER: The Maori of New Zealand as compared with other members 
of the Polynesian group. Self-evident limits regarding a knowledge of the origin 
of languages. 

J. R. WALKER: Some notes on the possibility of the recalcification of the 
human teeth. 

J. OWEN Dorsey: Uses of the terms grandfather and grandmother among the 
Siouan tribes. An Indian secret society. 

ZELIA N. PinarT: Preliminary note on the analyses of the Mexican inscriptions 
and codices. 

W. McApams: The salt kettles and pans of the mound builders. An old 
copper kettle of Spanish origin from a mound in Illinois. 

Cyrus Tuomas: The testimony of some recently explored mounds. 

Epwakp P. Vinin@: A query as to the sepulchral rites of the mound builders. 

D. G. Brinton: The phonetic elements in the graphic system of the Mayas and 
Mexicans. 

Cuas. P. Hart: Piute herbalist. 

H. C. Hovey: Eyah Shah, a sacrificial stone of the Dakotahs. 

T. C. MENDENHALL: Characteristic curves of composition. 


Section I.—Economic Science and Statistics. 

JOHN MULLER: How can spelling reform become a success? A more humane 
and novel mode of criminal correction. 

JOSEPH JASTROW: Centenarianism in the United States. 

L. L. SEAMAN: The social waste of a great city. 

EK. T. PETERS: Errors in the Ricardian theory of rent. 

Lori BiLopGet: Silk culture. 

E. B. Ettiott: Tables showing for a series of years the rates of interest realized 
by investors in the securities of the U.S. Government. Formulas for determin- 
ing the U. S. gold value of silver bullion. 

PeTER COLLIER: Recent results in the sorghum sugar industry. Statistics 
relating to the dairy industry. 


4. Van Nostrand’s Science Serics.—Two recent issues of this 
series are: No. 85, The Luminiferous Aither, by De Volson Wood, 
121 pp. 18mo, a series of papers reprinted from the Philosophical 
Magazine; No. 86, Handbook of Mineralogy, etc., J. C. Foye, 
180 pp. 18mo, containing determinative tables and brief descrip- 
tions of minerals found in the United States. 


ERRATA FOR THE AUGUST NUMBER. 


Page 129, line 15 from bottom, for millimeters read centimeters. 
Page 132, line 17 from top, for four hundred times read forty times. 
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Crust Surface No5. 


Crust Surface No6. 


GLORIETA METEORIC IRON. 


Plate V. 
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Plate VI. 


Disrupted Surtace Noi. 
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GLORIETA METEORIC IRON. 
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Plate VIII. 
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BROOKITE FROM MAGNET COVE, ARKANSAS. 
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BROOKITE FROM MAGNET COVE, ARKANSAS. 
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